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GEOLOGY OF NYE-BOWLER LINEAMENT, 
STILLWATER AND CARBON COUNTIES, 
MONTANA! 


CHARLES W. WILSON, 
Nashville, Tennessee 


ABSTRACT 


The Nye-Bowler zone of faulting and folding, which has been mapped for a dis- 
tance of 56 miles, east-southeastward, across the northern end of the Bighorn Basin, 
apparently has been produced by the adjustment of surface strata to vertical and 
lateral movements along a subsurface basement fault. 

On the assumption that the beginning of activity along the Nye-Bowler lineament 
marked the start of Laramide tectonic activity in the Beartooth Mountain block, it is 
believed that, in the vicinity of Nye, the Laramide orogeny began during the deposition 
of the Judith River formation. The chronological development of the structural fea- 
tures along the lineament is described in five stages, and descriptions are also given of 
the outcropping sedimentary formations, which range in age from the Pennsylvanian 
Tensleep sandstone to the Eocene “‘Wasatch”’ formation. 


INTRODUCTION 


During the summers of 1934 and 1935 a plane-table map was 
made of the line of structures extending across the northern end of 
the Bighorn Basin. This strip extends from Nye, which is located 
close to the Beartooth Mountain front, east-southeastward to Bowler 
on the northwest corner of the eastward rising slope of the southwest 
Pryor Mountain block, a distance of approximately 56 miles (Fig. 1). 
In width, the area mapped varies from 4 to 10 miles. 

The purpose of the mapping was to study the surface structures 
along the Nye-Bowler lineament in order to determine and explain 
the development of this structural line. It was believed that this study 


1 Manuscript received, June 15, 1936. 
2 Department of Geology, Vanderbilt University. Introduced by W. T. Thom, Jr. 
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Fic. 1.—Tectonic sketch map of Beartooth-Bighorn region and adjoining areas, showing location of Nye-Bowler lineament and 


its relation to surrounding structural units. Modified after Bucher, Thom, and Chamberlin. 
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would yield significant data concerning the structural history ‘of the 
region. This work was a unit in the Yellowstone-Beartooth-Bighorn 
Coéperative Project. 

The writer is particularly indebted to W. T. Thom, Jr., R. T. 
Chamberlin, and W. H. Bucher for suggesting the problem and offer- 
ing valuable criticisms and suggestions during the field work and prep- 
aration of the manuscript. M. H. Stow examined the heavy-mineral 
content of several specimens and checked the writer’s identification 
of the “Wasatch,” Fort Union, and Lance formations. J. T. Rouse 
visited the exposures of the dikes and agglomerate near Dean, and 
discussed the writer’s interpretation of identity and origin with him, 
offering valuable suggestions. W. B. Jewell read the manuscript and 
made helpful criticisms. The Ohio Oil Company kindly coéperated 
with the hospitality of the Dry Creek Oil Camp. T. H. Bower, Erskine 
Klyce, Eric Bucher, and George Beggs efficiently assisted in the map- 
ping. To them and many others actively interested in the geology of 
east-central Montana the writer wishes to express his thanks. 


STRATIGRAPHY* 


The strata exposed within the area mapped range in age from the 
Tensleep sandstone (Pennsylvanian) to the “Wasatch” formation 
(Eocene). Unconsolidated rocks in the area include Quaternary allu- 
vium, glacial deposits, terrace gravels, and pediment gravels. Due to 
variations in stratigraphy along the strike of the lineament, two com- 
posite sections are given, one measured in the Nye-Luther, or western, 
part of the area, the other in the Dry Creek-Bowler, or eastern, part. 
The consolidated formations are briefly described, as follows. 


ComPosITE STRATIGRAPHIC SECTION MEASURED BETWEEN 
NYE AND LUTHER 
(The formations between the Claggett shale and the Tullock member of the Lance formation were 
measured in the exposure along the irrigation ditch at Roscoe.) 
Thickness 
in Feet 
Tertiary system 
Eocene series 
“Wasatch” formation (?) 
Essentially conglomerate with large, well rounded pebbles of 
granite, limestone, ef cetera. North of Luther, conglomeratic 
phase becomes less pronounced and formation grades into sand- 
stone and sandy shale with a few layers of pebbles. Originally 
- called “Linley” conglomerate by Calvert®.................... 300+ 
Paleocene series 
Fort Union formation 
Tongue River member 
Succession of irregularly bedded, commonly lenticular, medium- 


* The stratigraphic section in the Dry Creek and Golden structures is presented 
tentatively subject to stratigraphic and faunal studies now in progress. 


3’ W. R. Calvert, “Geology of the Sest Stillwater Basin, Stillwater and Carbon 
ull. 641 (1916), p. 203. 


Counties, Montana,” U.S. Geol. Survey 
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Thickness 
in Feet 

grained, yellow sandstones with streaks of coal; sandy shale; 
and brown, carbonaceous shale. Top not e 

Lebo member 
Alternation of olive-drab, gray, and brown carbonaceous shale; 
clayey shale; layers of buff limestone; and beds of andesitic 
sandstone that weather rusty yellow and dark brown and are 
locally conglomeratic. Member erodes into typical bad-land 
ead characterized by regular banding of vari-colored 
lithologic units. Ironstone concretionscommon............... 240 

Cretaceous system 
Lance formation (Tertiary (?) according to U.S.G.S.) 

Tullock member 
Irregularly bedded, uniformly persistent, medium-grained, 
white and yellow sandstone with streaks of coal, interbedded 
with gray and olive-green mudstone, yellow sandy shale, and 

Hell Creek member 
Greenish gray, yellow, and olive-drab shale and mudstone that 
weather greenish brown interbedded with irregularly bedded 
tusty brown, andesitic sandstones that contain large, dark 

Colgate sandstone 

Irregularly bedded, medium-grained, white and yellow sand- 


Lennep sandstone 
Hard, platy, greenish buff sandstone that weathers rusty brown 
and contains layers of red sideritic nodules................... 35 
Sandy, dark olive-drab to rusty buff shale that contains numer- 
ous rounded and lenticular nodules of dark gray quartzitic 
Hard, platy, buff and rusty sandstone. Member forms pro- 
nounced ridge on escarpment south of Roscoe............... 40 
Bearpaw shale 
Gray, green, and olive-drab mudstone and shale, commonly 
sandy and tuffaceous, with a few dark brown sandstones. ...... 160 
Gray, green, and olive-drab mudstone and shale, locally sandy. . 7o 


Judith River formation 
Massive andesitic sandstone, varying from medium to coarse 
grain in texture and containing large brown concretions, inter- 
bedded with beds of conglomerate......................... 100 
Alternation of medium-grained, white, gray, and brown, ande- 
sitic sandstones that contain large, rounded, brown concretions; 
brown carbonaceous shale; brown sandy shale that contains 
numerous plant fragments; bentonite; coal streaks; and layers 
of olive-drab, tuffaceous mudstone that average about 1 foot 
7 in thickness and which commonly occur beneath sandstone 


Claggett shale 


Massive to thinly bedded, medium-grained, slightly andesitic, 
buff sandstones that weather brown and contain dark brown 
concretions, interbedded with layers of olive-drab and dark blue 
mudstone (Parkman sandstone member).................... 230 
Olive-drab and blue mudstone with a few thin sandstones. ... . . 66 
Massive and irregularly bedded, andesitic sandstone with a few 
partings of 44 
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Succession of olive-drab and blue mudstones and sandstones 
which vary in thickness from 6 to 30 feet. Ratio of mudstone to 


Eagle sandstone 

Hard, thinly bedded, dark brown sandstone.................. 15 

9 

Sandstone with layers of shale and mudstone; weathers greenish 

brown; cross-bedded; contains many plant remains........... 15 

Brown and gray mudstone; gray shale; brown, carbonaceous 

shale; and coal interbedded with thin sandstones..........:... 158 

Irregularly bedded, medium-grained sandstone, and gray mud- 

stone; weathers greenish brown...................cccceness 36 


Succession of irregularly bedded white and gray clays and sandy 
clays probably bentonitic; local andesitic sandstones; brown 
carbonaceous shale; and iron concretions that weather into 
small chips. Member erodes into characteristic minature bad- 


Sandstone with partings of gray shale, brown carbonaceous 

Coal, carbonaceous shale, and gray mudstone................ 5 


Massively bedded; medium-grained; buff sandstone, lower part 
— white. Four-foot shale parting. (Virgelle sandstone mem- 


Niobrara and Carlile shales 
Black shale, locally sandy. Upper 125 feet consists of sandy, 
blue-gray shale with many thin (1-4 inches) beds of sandgtone, 
and several slabby or “‘paper-bedded”’ sandstones, as thick as 4 
feet, and in places massive. Upper 125 feet suggests the Tele- 
graph Creek lecontien, Base not expo 


CoMPOSITE STRATIGRAPHIC SECTION MEASURED BETWEEN 
Dry CREEK AND BOWLER 


(For more detailed descriptions of the formations older than the Lance the reader is referred to U. S- 
Geol. Survey Bull. 882 by Knappen and Moulton.) , 
Thickness 


Tertiary system in Feet 
Paleocene series 
Fort Union formation 

Tongue River member 
Succession of irregularly bedded, commonly lenticular, medium- 
grained, yellow and white sandstones with streaks and minable 
seams of coal; gray sandy shale and mudstone; brown car- 
bonaceous shale; and local lenses of conglomerate. Thickness 
not recorded but much greater than 3,o0o0feet................ 3,000-+ 

Lebo member 
Succession of drab, gray, and brown shale and mudstone; layers 

- of buff limestone; bentonitic clays; and a few lenses of rusty yel- 
low to dark brown andesitic sandstone 
Cretaceous system 
Lance formation (Tertiary (?) according to U.S.G.S.) 

Tullock member 
Irregularly bedded, uniformly persistent, white and yellow 
sandstones with streaks of coal, interbedded with gray and olive- 


* These thicknesses were furnished by M. H. Stow. 
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Thickness 
in Feet 
— mudstone, yellow sandy shale, and brown carbonaceous 
shale 
Hell Creek member 
Greenish gray, yellow, and olive-drab shale and mudstone inter- 
bedded with irregularly bedded sandstone lenses, some suf- 
ficiently thick to form local pronounced cuestas. Locally con- 
glomeratic 
North of lineament...... Indeterminate due to faulting, 
but approximately 1,000 feet................... 1,000+ 
Colgate sandstone 
Alternation of massively bedded, buff to white, moderately per- 
sistent sandstones and gray mudstone...................... 450 
Lennep sandstone 
Alternation of dark gray mudstone and layers of brown, ande- 
sitic sandstone tat weather dark brown. Numerous brownish 
Bearpaw shale 
Dark gray mudstone with layers of andesitic sandstone that 
weather into dark brown lenticular masses. A few yellowish 
Judith River ‘formation 
Alternation of gray and brown, andesitic sandstones, brown 
carbonaceous shale with coal streaks, and brown sandy shale... 575 
Claggett shale 
Gray and buff, massive sandstone that weathers into smooth, 
rounded forms (Parkman sandstone member)................ 300 
Gray sandy shale; thinly bedded sandstone; and a few massive 
Eagle sandstone 
Alternation of buff sandstone; brown carbonaceous shale with 
streaks and seams of coal; and gray shale.................... 200 
—e light buff to gray sandstone (Virgelle sandstone mem- 
Telegraph Creek formation 
Thinly bedded gray sandstone with some gray shale........... 160 
Niobrara and Catlile shales 
Black shale, containing black sideritic concretions............ I, 200 
Frontier formation 
Massive, buff and light gray sandstone (Torchlight sandstone 
Alternation of gray and buff sandy shale; black shale; bentonitic 
Mowry shale 
250 
Thermopolis shale 
Black shale with layers of gray and black sandy ~—_ and a few 


* These thicknesses were furnished by M. H. Stow. 
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Thickness 
in Feet 
Black shale with layers of gray and black sandy shale.......... 270 
Cloverly formation 

Greybull sandstone member 

Thinly bedded, brown 7° 
Fuson shale member 


Lakota conglomerate member 
Brown and yellow sandstone containing abundant small rounded 


Jurassic system 
Morrison formation 
Vari-colored clays, containing two interbedded yellow to buff 


Sundance formation 
Gray to buff, calcareous sandstone......................2.05 75 
Olive-drab and gray shale; a few vari-colored clays; and thin 


Triassic system 
Chugwater formation 
Thinly bedded red sandstone and sandy shale, with a few layers 
Permian system 
Embar limestone 
Pennsylvanian system 
Tensleep sandstone 
White to buff sandstone. Base not exposed 


Livingston formation.—Northwest of Roscoe and East Rosebud 
Creek, the strata lying between the Claggett shale and the Tongue 
River member of the Fort Union formation were not separated, but 
were mapped as the Livingston formation. This formation includes 
the correlatives of the Judith River, Bearpaw, Lennep, Colgate, and 
Lance formations and the Lebo member of the Fort Union formation. 
Because of volcanic activity along the mountain front, from Nye to 
Livingston, these formations are so largely composed of andesitic 
sandstones, tuffaceous shales, bentonitic beds, breccias, agglomerates, 
et cetera that it is impossible to correlate them with, or subdivide 
them into, units recognized elsewhere. Southeast of Roscoe, however, 
the strata comprising the Livingston contain much andesitic sand- 
stone and tuffaceous shale, but not enough volcanic material to pre- 
vent the correlation of the formations with their more characteristic 
phases developed farther from the eruptive zone along the mountain 
front. 

In the upper part of the portion of the Livingston formation here 
correlated with the Judith River beds, there is found, in Secs. 13, 


“4 
4 
| a 


1168 CHARLES W. WILSON, JR. 


14, and 15, T. 5 S., R. 17 E., an agglomerate composed of blocks of 
andesitic breccia and tuffaceous sandstone and shale imbedded in an 
andesitic matrix. The blocks of sandstone and shale are from the 
lower part of the Judith River formation and the underlying Claggett 
shale. This agglomerate occurs in a narrow belt along the fault that 
crosses Secs. 13, 14, and 15, and averages about 50 feet in thickness. 
Thinned edges of this local agglomerate are traceable into the ande- 
sitic sandstones and tuffaceous shales of the upper part of the Judith 
River formation. 

The agglomerate is exposed along the top of an escarpment on 
the upthrown side of the fault along which it occurs. On the face of 
this escarpment is exposed a dike composed of andesitic vent-breccia 
that averages about 100 feet in width. This dike of vent-breccia ex- 
tends through Secs. 13 and 14 and a short distance into Sec. 15, T. 
5 S., R. 17 E. The vent-breccia grades upward into the agglomerate 
capping the escarpment. Also, the agglomerate can be traced laterally 
into andesitic and tuffaceous beds interbedded with the strata of the 
upper part of the Judith River formation. 

The preservation and occurrence of the agglomerate on the up- 
thrown and not on the downthrown side of the fault in Secs. 13, 14, 
and 15, T. 5 S., R. 17 E., point to probable reversal of movement 
along the fault plane with which it is associated. A combination of 
reversal of movement along the fault and erosion would result in the 
occurrence of the agglomerate on what to-day is the upthrown side. 
As reversals of movement were apparently common along faults 
parallel with the lineament this explanation seems the logical one to 
the writer. 

In Sec. 13, T. 5 S., R. 17 E., about } mile east of the eastern end 
of the agglomerate just described is another small exposure of agglom- 
erate, which occurs at the western end of a small, but intricate belt 
of faulting which is located along the same major line of fracture as 
the dike and agglomerate of Secs. 13, 14, and 15, T. 5 S., R. 17 E. 
This intricately faulted belt is believed to represent faulting produced 
in the strata overlying a forcefully intruding igneous body coming 
up along the same line of faulting as the dike in Secs. 13, 14, and 15. 

In the SW. } of Sec. 15 and the SE. } of Sec. 16, T.5S.,R.17E., 
and in the SW. } of Sec. 16 and SE. } of Sec. 17 are two other similar 
exposures of agglomerate and the upper portion of the underlying 
vent-breccia. These linear exposures are along the same line of fault- 
ing as the previously described localities. Farther west along the same 
fault in Secs. 13 and 14, T. 5 S., R. 16 E., is a dike of vent-breccia, 
which is approximately a mile long. Its prominent eastern end is 
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known as Fishtail Butte. A microscopic study of the breccia from 
Fishtail Butte by J. T. Rouse showed this material to be an explosive 
andesitic breccia. This explosive breccia, occupying the vent in which 
it was formed, has been designated as vent-breccia by Rouse. 

Five exposures of dikes composed of vent-breccia and of surface 
agglomerate composed of the same andesitic material have been de- 
scribed as occurring along the same fault. Movement along this fault 
started before the explosive intrusion of the dikes and the accumula- 
tion of the surface agglomerates, and is believed to have continued 
during and after the intrusion. The large and irregularly arranged 
blocks of country rock found in the upper part of the dikes and in 
the agglomerate, the irregularity of the dikes, especially in Secs. 13 
and 14, T. 5 S., R. 17 E., and the presence of shear zones in the dikes 
suggest movement during and after intrusion. 

The date of intrusion of these dikes of vent-breccia and the for- 
mation of the associated agglomerates is believed to have been during 
the deposition of the upper part of the Judith River formation. This 
date is postulated because the agglomerate, which is of surface origin, 
can be traced laterally into andesitic and tuffaceous beds actually 
interbedded with strata of Judith River age. 

Much of the pyroclastic material of the Judith River beds of this 
area is believed to have had its origin locally, having been thrown from 
the vents aligned along the fault between Sec. 14, T. 5 S., R. 16 E. and 
Sec. 13, T. 5 S., R. 17 E. Such explosive activity took place shortly 
after the tectonic stresses, which were later to form the Beartooth 
Mountains, and became sufficiently active to produce faulting in the 
region just east of the front of the mountain block. In the early stages 
of eruption, material was thrown out from the vents and deposits of 
breccia, agglomerate, and tuffs were scattered over the surrounding 
country. These early eruptions account for the areal distribution of 
the pyroclastics, and in the final stage the vents, opened by the initial 
explosions, were choked with an explosive breccia. This vent-filling 
explosive breccia is exposed at the five localities described between 
Sec. 14, T. 5 S., R. 16 E. and Sec. 13, T. 5 S., R. 17 E. The agglomer- 
ate which was piled up in elongated spatter cones along the linear 
vents by semi-explosive action is still preserved at the three eastern 
localities. These dikes of vent-breccia and associated surface agglom- 
erate were covered by younger Judith River sediments and by 
still later Cretaceous and Tertiary formations. 

“Wasatch” formation.—Approximately 300 feet of the “Wasatch” 
formation are exposed on Sheep Mountain, approximately 4 mile 
south of Luther, in Secs. 30 and 31, T. 6 S., R. 19 E. This formation 
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contains large and well rounded pebbles of granite, porphyry, lime- 
stone, et cetera and dips 10°-17° SE. It was deposited as an alluvial 
fan along the northeastern front of the Beartooth Mountains, for it 
contains pebbles of pre-Cambrian granite and Cambrian strata ex- 
posed in the mountains a few miles from Sheep Mountain. For this 
reason, it is believed that the deposition of the conglomerate took 
piace after the period of major deformation, uplift, and erosion of the 
Beartooth Mountains. 

A mile north of Sheep Mountain and across the flood plain of 
West Red Lodge Creek, this conglomerate is again exposed, covering 
most of Secs. 17, 18, and 19, part of Sec. 20, T. 6 S., R. 19 E. and the 
eastern portion of Secs. 13 and 24, T. 6 S., R. 18 E. In these sections 
the formation is greatly thinned, being farther from the source of 
sediments, and contains only a few thin layers of conglomerate which 
are interbedded with irregularly bedded, medium-grained, yellow 
sandstone and sandy shale. The conglomeratic layers continue to thin 
northward until in the northern part of Sec. 18, T. 6 S., R. 19 E. they 
are apparently missing. This succession of conglomerate, sandstone, 
and shale composing the ‘‘Wasatch”’ formation in the afore-mentioned 
sections dips approximately 17° SE. and lies with nonconformable 
contact on the truncated folds developed in the underlying Tongue 
River member of the Fort Union formation. 


STRUCTURE 


The general structural features of the Nye-Bowler area consist of 
a series of anticlines, domes, and half-domes in perfect alignment 
along a regional anticlinal trend extending from the Beartooth Moun- 
tain front to the Pryor Mountains (Fig. 2). The strike of the trend 
varies from N. 50° W. to N. 87° W., but has a regional strike of N. 
65° W. 

The anticlinal trend and the superimposed minor anticlines and 
domes are asymmetrical folds, all having a much steeper dip on the 
south limb than on the north. Dips on the south limb vary from 10° 
to 45°; those on the north vary from 5° to 20°. 

The eastern end of the lineament joins with the Sage Creek fault* 
which forms the northern boundary of the two southern blocks of 
the Pryor Mountains. This fault (and hence probably the Nye- 
Bowler lineament) ends abruptly at the northeast corner of the south- 
east block of the Pryors where it meets a north-south fault forming 
the eastern boundary of the northeast and southeast Pryor blocks. 
No trace of the lineament was found east of this fault. 


* Donald L. Blackstone, personal communication. 
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Between Cody, Wyoming, and Red Lodge, Montana, the front of 
the Absaroka and the Beartooth mountains extends approximately 
north and south. Near Red Lodge, the front abruptly turns and strikes 
N. 65° W. The westward component of this strike increases as the 
front is followed northwestward from Red Lodge until at Livingston 
the mountain front extends east and west. 

Within the triangle made by Cody, Red Lodge, and Bewler, the 
lineament and the mountain front converge northward, or northwest- 
ward, at an angle of 65°. Northwest of Red Lodge, where the moun- 
tain front strikes N. 65° W. and the lineament strikes N. 55° W., the 
two are more nearly parallel but gradually converge northwest as 
far as Nye. West-northwest of Nye the continuation of the lineament 
may be traced through Limestone Butte, Round Mountain, Squaw 
Peak, and Green Mountain, and into the West Boulder anticline. 
West of this anticline the identity of the lineament is not definite, 
although it probably continues with an east-west strike, paralleling 
the mountain front and a few miles north of the mountain front, 
as far west as Livingston. 

Between Nye and Bowler, and north of the lineament, the strata 
have a relatively low dip and the general structural level character- 
istic of the plains of south-central Montana. South of the lineament 
is the Bighorn Basin in which the beds are folded deeply downward 
to a maximum structural relief of many thousand feet. The structural 
relief in this synclinal basin is further accentuated by the greatly 
increased thickness of many of the formations south of the lineament. 


FOLDS 


The series of anticlines, domes, and half-domes located along the 
anticlinal trend of the Nye-Bowler lineament are briefly described in 
order from west to east. These structures are shown on the structure- 
contour map of Figure 2. 

1. Nye or Stillwater anticline.*—This anticline is closed on the east 
by a low saddle separating it from the Dean dome. Closure on the 
western end is supplemented by the fault that extends along the north 
line of T. 5 S., R. 16 E. The Virgelle sandstone member of the Eagle 
sandstone is the rim rock that borders the topographic basin cut into 
the underlying Carlile and Niobrara shales. 

2. Dean dome.—The closure on the east is good, and a low saddle 
between the Nye and Dean structures furnishes closure on the west. 
The Fishtail Butte dike and the small dike cutting the eastern rim 
of the topographic basin eroded in the structure are believed to have 


* Only the eastern half of this anticline is shown on Figure 2. 
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been intruded during Judith River time. The Virgelle member of 
the Eagle sandstone is the prominent rim rock that surrounds the 
basin cut into the Carlile and Niobrara shales. 

3. Fiddler Creek structure—In Secs. 26 and 27, T. 5 S., R. 17 E., 
a half-dome is formed by a large fault on the eastern nose of the Dean 
dome. This structure is closed on the west by the fault, and on the 
east by a low saddle. The structure is largely covered by the alluvium 
of Fiddler Creek, but exposures are sufficient to postulate closure 
with fair accuracy. 

4. Ingersoll Creek dome.—This structure is closed on the east and 
west by low saddles. The western haif is covered by pediment gravels, 
but sufficient exposures are available to determine the size and shape 
of the structure. Four faults cut the structure. 

The eastern half of the structure, which is the half not covered by 
pediment gravel, is well shown in the Virgelle member of the Eagle 
sandstone that forms a rim around the small basin cut into the under- 
lying shales. 

5. Roscoe dome.—The top of this structure is a small dome about 
a mile southwest of Roscoe. This dome, however, is only the crest 
of a much larger structure. The closure of the large dome is about 
4,000 feet east of the top, but on the west only the crest is closed. The 
fault which extends along the valley of East Rosebud Creek may give 
better western closure. 

The top of this dome is diagrammatically shown by the Virgelle 
member of the Eagle sandstone surrounding the basin cut into the 
Carlile and Niobrara shales underlying this massive sandstone mem- 
ber. 

6. Luther dome.—The highest part of this dome is about four miles 
northeast of Luther. As the surface is covered by the irregularly 
bedded Fort Union formation, details of closure and faulting are dif- 
ficult to determine definitely. The axis of the dome is parallel with a 
fault, and the eastern end contains two down-dropped blocks. 

The sandstones of the Tongue River member of the Fort Union 
formation form the high ridges that define the structure and partially 
surround the basin cut into the Lebo member of the same formation. 
The top few feet of the Tullock member of the Lance formation are 
exposed in the center of the basin. 

7. Fox dome.—This structure is restored from exposures along the 
edges of the pediments bordering the alluviated valley of Rock Creek. 
These exposures, although few in number, suggest closure, but the 
size and shape of the structure are not determinable. Faulting can 
not be predicted. 
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8. Dry Creek dome.—This structure is the largest of the l‘ve- 
Bowler series, and consists of an elliptical dome broken by several 
northeast and southwest faults. Some of these faults have a throw 
of as much as 1,000 feet. Two parallel faults form a graben near the 
center of the dome, so that what would normally be the crest is drop- 
ped below the two plunging ends of the structure. 

The inner scarp partially surrounding the structure is held up by 
the Colgate sandstone. In two localities the underlying Lennep sand- 
stone and Bearpaw shale are exposed at the surface. The Hell Creek 
member of the Lance formation occupies the graben cutting the center 
of the dome, and also completely surrounds the inner scarp. The 
outer scarp south of the structure is held up by the Tullock member 
of the Lance and by sandstones in the Hell Creek member of the same 
formation (Fig. 3). The outer scarp on the western and northern flanks 
is formed by both the Tullock member of the Lance and the Tongue 
River member of the Fort Union. On these latter flanks the Lebo 
member is too thin to permit the erosion of an intervening valley, and 
so occupies part of the face of the escarpment. 

9. Golden structure —This structure, which is about 2 miles west 
of Golden, consists of two half-domes both plunging eastward and 
being continuations of the Dry Creek dome brought up by two faults. 
The sandstones of the Colgate formation occupy the crest of the two 
half-domes and are surrounded by the bad-land topography cut into 
the Hell Creek member. 

10. Red dome.—The Red dome structure is located about 44 miles 
west of Bowler. This dome is associated with various types of fault- 
ing, the most prominent of which is the small down-dropped wedge in 
the southwest. At least two wells have been drilled on this structure, 
but apparently its location near the base of the back slope of the Pryor 
Mountains resulted in flushing by artesian water migrating west- 
ward down the dip of the strata. 

The red Chugwater formation occupies the crest of the dome, and 
is surrounded by the Sundance formation. In the small fault wedge 
Cloverly and Sundance have been dropped down to the level of the 
Chugwater. The narrow, tapering end of this fault wedge is broken 
by several small normal faults, too small to be shown on the accom- 
panying map in Figure 2. 

11. Black Butte dome.—This structure, which is located near the 
base of the back slope of the southwest Pryor Mountain block, is 
about 1} miles southwest of Bowler. The surface of the butte for which 
the dome is named is the stripped surface of the Tensleep sandstone. 
The northern half of the dome has been dropped along an east-west 
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fault. The displacement of the dome by this fault is well shown in the 
Tensleep sandstone surface. 


FAULTS 


The series of structures described in the preceding paragraphs is 
associated with many faults, which are grouped into several different 
types. 

1. Faults parallel with strike of lineament.—The four faults in- 
cluded in this group are parallel with the lineament and occur }-1 
mile north of the axis of the anticlinal trend of the lineament. The 
total mappable length of these four faults is 24 of the 56 miles between 
Nye and Bowler. The four faults occur north of the eastern part of 
the Dean anticline, north of the Luther anticline, north of the western 
half of the Dry Creek anticline, and north of the axis from the valley 
of Clark’s Fork to Bowler. The en échelon faults previously described 
end abruptly at their junction with the faults parallel with the axis 
wherever both types are present. 

The movement along these faults was complicated. Early in the 
structural history of the region the faults were normal faults with 
downthrow on the south throughout the central part of the lineament, 
but upthrow on the south from Bowler to a point 7} miles farther 
west and from Nye to a point 9 miles east. These movements show the 
influence of the early bowing down of the Bighorn synclinal basin and 
the early upward growth of the bordering Beartooth and Bighorn- 
Pryor mountains, causing downward movement toward the south 
where the synclinal stresses were active and up toward the south 
where the mountains were actively being pushed up on both sides of 
the basin. 

Later in the regional structural development compressive tectonic 
stresses from the west became sufficiently intense to be transmitted 
through the outer rocks of the crust at least as far eastward from 
the growing mountain block as the lineament. As the normal faults 
parallel with the lineament were approximately at right angles to 
the tectonic stresses they became /oci of adjustment and dissipation 
for these stresses, and any movement along these faults was then a 
reverse movement resulting from compression. This reversal caused 
reduction of the throw of the early normal faults at some localities 
and accentuation of the throw in other places. A notable example of 
the reduction of throw is at the western end of the Luther anticline 
where the early normal movement had dropped the Lebo member of 
the Fort Union down on the south probably to the level of the Tullock 
member of the Lance on the north. As the throw of the later reverse 
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movement was not so great as that of the early normal faulting, it 
caused the beds (Lebo) on the upthrown side of the reverse fault to 
be stratigraphically higher than the beds (Tullock) on the down- 
thrown side (section AA’ of Fig. 4). Such cases of unusual relations 
between strata on the different sides of a fault caused by early normal 
faulting and later reverse faulting along the same fault plane are com- 
mon in this area. 

Strata within a few hundred feet of the outcrop of the fault plane 
commonly have steep dips that average about 45°, but which locally 


Fic. 4.—Diagrammatic cross sections across the fault parallel with axis of Luther 
dome, showing steep dips close to fault plane and change from underthrusting to over- 
thrusting along strike of same fault. Location of three lines of section shown in Figure 6. 
Section AA’ shows result of two periods of movement: (1) normal faulting dropped 
Lebo member down on south to level of Tullock member of Lance formation along 
what was then probably vertical fault plane; (2) reverse movement reduced throw of 
— normal fault but left strata on up-side of reverse movement stratigraphically 

own. 


may be vertical. This abnormal dip is much too pronounced to have 
resulted from drag associated with normal faulting, and is attributed 
to the concentration of compressive stresses during the time of later 
reverse faulting (Fig. 4). 

The two small fault blocks in Secs. 17 and 22, T. 7 S., R. 24 E., 
illustrate another important feature. These two fault blocks, which 
are bordered on one side by the faults parallel with the strike of the 
lineament, are believed to have originated, during the early period 
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of normal faulting, as small down-dropped and tilted blocks, formed 
as minor structures associated with the major faults. During the later 
period of reverse faulting these small, tilted blocks were intensely 
crowded, resulting in reverse faulting which is limited in extent to 
the blocks. The two periods of faulting, as postulated, seem to the 
writer to be the only plausible explanation for these reverse faults 
limited in extent to the small fault blocks. 

2. En échelon faults ——The most prominent normal faulting is the 
set of about 45 en échelon faults that have an average strike of N. 
45° E. The length of individual faults varies greatly, but averages 
about 3 miles. The throw ranges to a maximum of 1,000 feet. Three 
of these faults are pivotal, having a hinge point on both sides of which 
the relative direction of movement is reversed. 
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Fic. 5.—Enlarged structural map showing position of feather faults along east-west 
fault. Pattern indicates eastward movement of segment south of fault. 


3. Fault blocks.—In Sec. 13, T. 6 S., R. 19 E., and in Secs. 16, 17, 
and 18, T. 6 S., R. 20 E., there are two triangular, down-dropped 
blocks. The northern border of both blocks is the fault parallel with 
the axis of the Luther anticline. The western block was tilted toward 
the north with an average dip of 8°, and the eastern block toward the 
west with an average dip of 20°. The anticlinal axis of the lineament 
locally swings symmetrically around these two fault blocks, suggest- 
ing contemporary origin. Another significant feature is that the two 
blocks occur at the most marked change in strike of the lineament 
(Fig. 6). 

4. Feather faults —In Secs. 15, 16, and 17, T. 7 S., R. 24 E. there 
are 4 small faults that strike N. 30° E. and have an angular relation 
of 60° with the east-west fault that parallels the lineament (Fig. 5). 
These four faults end abruptly on the north at this east-west fault, 
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and from it extend southward for an average distance of 4 mile. 
Feather fractures of this sort have been shown by Cloos' to indicate 
the direction of lateral movement. The feather faults show that the 
segment south of the major east-west fault has moved eastward in 
relation to the crustal segment north of the fault. 
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Fic. 6.—Enlarged structure map showing pattern of two down-dropped fault 
blocks. Insert in lower left corner shows diagrammatically interpretation of origin of 
fault pattern. 


ORIGIN OF STRUCTURAL FEATURES 


After consideration of all the structural features occurring along 
the central part of this lineament. the writer concludes that these 
features could have been developed only as the surface expression of 
a single basement fault along which both vertical and lateral move- 
ment took place. Possibly near the bordering Beartooth and Bighorn 
mountains the single subsurface fault is represented by shear zones 
with several faults. The various lines of reasoning that led to this 
conclusion will be reviewed as the origin of each type of structure is 
discussed. First, those features proving vertical movement along the 
basement fault will be discussed, and then those features showing lat- 
eral movement. 

Variation in stratigraphy across lineament.—Abrupt changes in 
thickness and lithologic character north and south across the linea- 
ment were found at several localities, but only the more striking 

5 Ernst Cloos, “‘ ‘Feather Joints’ as Indicators of the Direction of Movements on 
Faults, Thrusts, Joints, and Magmatic Contacts,” Proc. Nat. Acad. Science, Vol. 18 
(1932), Pp. 387-95- 


6 This topic is discussed under the heading of origin of structural features because 
these variations in stratigraphy are the direct result of structural activity. 
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examples are described. The most marked variation was found to 
occur across the Dry Creek anticline in the Lance formation and the 
Lebo member of the Fort Union formation. This variation is sum- 
marized, as follows. 


Member Thickness in Feet 
North of axis South of axis* 
Lebo (Fort Union) 207 2,200 
Tullock (Lance) 350 700 
Hell Creek (Lance) 1,000(?) 3,500 


* Thicknesses south of the axis were furnished by M. H. Stow. 


Such abrupt thinning along a line can be explained only by postulat- 
ing a sharp flexure, or a fault scarp with downthrow on the south, 
that was developed during the deposition of these strata (Fig. 3). 

Another example is just east of Roscoe and on the crest of the 
Roscoe anticline where the Bearpaw was measured at 245 feet, the 
Lennep at 135 feet, the Colgate at 65 feet, and the Hell Creek mem- 
ber of the Lance at goo feet. When these thicknesses are compared 
with the thicknesses of the same formations farther from the western 
source of sediments, they are relatively thin, and are believed to 
result from thinning on top of what must have been an actively rising 
anticline during the time of deposition of these formations. 

Folds——The asymmetrical cross section of the anticlinal trend 
with the steep dip on the south limb is explained, as follows. Early 
in the structural development of the region normal faulting took place 
along the basement fault. Throughout the central part of the linea- 
ment the movement was down toward the south. The overlying 
strata were draped over the subsurface fault as a monoclinal fold 
sloping southward. Insofar as this monoclinal draping took place 
during the deposition of some of the formations, these formations are 
greatly thinned toward the north, as seen at Dry Creek and Roscoe. 
After this early period of vertical readjustment along the lineament, in- 
tense tectonic stresses were transmitted from the west as far east of the 
Beartooth Mountain front as the monoclinal fold developed over the 
lineament. These stresses, finding a regional flexure already formed, 
and in less resistant attitude, changed the original monoclinal fold 
into a series of anticlines, the southern flanks of which reflect the 
origina] monoclinal slope in their steep dips. 

Faults parallel with strike of lineament.—These four faults, which 
occur $-1 mile north of the anticlinal axis and parallel with the axis, 
are believed to be the actual outcrop of the basement fault that con- 
trolled the development of all the structural features associated with 
the lineament. In the central part of the lineament, where the move- 
ment was down toward the south, this basement fault dipped slightly 
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south, or possibly was locally vertical. This is in accord with the early 
period of normal faulting, and with the fact that the surface outcrop 
of the basement fault is consistently north of the axis throughout the 
central part of the lineament. This condition could result only from a 
southward-dipping fault breaking the surface through a monoclinal 
fold that had been draped over an earlier deep-seated fault. 

During the later period of intense tectonic stresses that were trans- 
mitted approximately at right angles to the basement fault and its 
four surface expressions, reverse faulting took place along the fault 
plane. As the maximum effect of these tectonic stresses was at some 
distance below the surface, local rotation or distortion of this fault 
plane resulted. This is seen in the four surface outcrops of the plane 
of the basement fault since at some localities the reverse faulting was 
by overthrusting, at others by underthrusting. Where the basement 
fault originally dipped southwest, later distortion probably steepened 
its dip, but the direction of dip remained southwest, resulting in 
overthrusting. Where the basement fault originally was vertical, or 
almost vertical, later distortion probably rotated the plane until it 
dipped northeast, resulting in underthrusting. The three sections 
across the fault north of the Luther anticline (Fig. 4) illustrate the 
change from overthrusting to underthrusting along the same fault. 
Theoretically, where overthrusting is found along one of these faults 
the outcrop of the fault plane should be farther north of the axis of 
the anticlinal trend than where underthrusting occurs. This is a corol- 
lary to the statement that the greater the dip south of the basement 
fault, the farther north of the axis of the anticline its surface outcrop 
should be. 

En échelon faults —The en échelon faults are believed to have been 
formed by tensional stresses secondarily produced in the strata near 
the surface of the crust by lateral movement along the buried fault 
plane in the Basement complex. This mode of origin accounts for the 
faults occurring in a narrow belt for a distance of 56 miles and for the 
average angle of 45° between the long dimension of the belt of faulting 
and individual faults. 

Similar origin was attributed to the en échelon faults of Creek and 
Osage counties, Oklahoma, by Fath’ and to the Lake Basin belt of 
en échelon faulting in Montana by Chamberlin® and Thom.’ 

7 A. E. Fath, “The Origin of the Faults, Anticlines, and Buried ‘Granite Ridge,’ of 


the Northern Part of the Mid-Continent Oil and Gas Field,’ U. S. Geol. Survey Prof. 
Paper 128-C (1920), pp. 75-83. 


8 R. T. Chamberlin, “A Peculiar Belt of Oblique Faulting,” Jour. Geol., Vol. 27 
(1919), pp. 602-13. 


° W. T. Thom, Jr., “The Relation of Deep-Seated Faults to the Surface Structural 
Features of Central Montana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 7 (1923), p. 10. 
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Block faults —The two down-dropped blocks in Sec. 13, T. 6 S., 
R. 19 E., and Secs. 16, 17, and 18, T. 6 S., R. 20 E., present a unique 
fault pattern for interpretation (Fig. 6). When considered, however, as 
having been developed under the control of a Basement complex fault 
along which both lateral and vertical movement took place, their origin 
is more obvious. Northwest of the two fault blocks the surface expres- 
sions of the subsurface fault strike N. 55° W. and southeast of the 
fault blocks the strike is N. 50° W. for some distance; but throughout 
the 5-mile length of the two blocks the strike is N. 87° W. The prob- 
lem then becomes the consideration of a change in strike of a fault 
plane along which lateral movement took place. A study of the en 
échelon faults and the feather faults shows that lateral movement of 
the crustal segment south of the lineament was eastward in response 
to relative tectonic stresses from the west. In case of such a change 
in strike of a fault plane, associated with lateral movement, the area 
to the south of the N. 87° W. strike would be a potential void into 
which blocks of the crust could be dropped as was here the case 
(Fig. 6). 


SIGNIFICANCE 


Control of regional features—The mountains of northwestern 
Montana strike approximately N. 20° W. and are characterized by 
their marked linear arrangement. This continuous, linear arrange- 
ment extends from the International Boundary as far south as the 
line running slightly south of east from the Coeur d’Alene district 
of northern Idaho,’® through Missoula and Helena, Montana, and 
continuing eastward through the Big Belt Mountains, the Little Belt 
Mountains, the Big Snowy Mountains, Devil’s Basin, and the Big 
Wall dome. South of this regional lineament the mountains consist of 
several minor ranges characterized by a more complex pattern. 
Thom!" refers to this part of Montana when he states 


that, in certain areas at least, the structure of the surface rocks has a genetic 
relationship to faults in the Basement complex, and that the movement of the 
crustal blocks bounded by these fundamental faults has played a most im- 
portant rdéle in determining the attitude of the overlying rock strata. 


The surface expressions of a set of these fundamental faults include 
five parallel lineaments which strike slightly south of east. These are, 
from north to south: (1) Judith Mountains eastward along Cat Creek 
anticline, West dome, and Alice dome; (2) Coeur d’Alene, Missoula, 


10 C. H. Clapp, ‘‘Geology of a Portion of the Rocky Mountains of Northwestern 
Montana,”’ Montana Bur. Mines and Geol. Mem. 4 (1932) pp. 17-18. 


ul W. T. Thom, Jr., op. cit., pp. 9-10. 
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Helena, Big Belt Mountains, Little Belt Mountains, Big Snowy 
Mountains, Devil’s Basin, and Big Wall dome; (3) Little Elk dome, 
Big Elk dome, Shawmut anticline, and Woman’s Pocket anticline; 
(4) Big Coulee-Hailstone dome and the Lake Basin fault zone; and 
(5) Nye-Bowler lineament. 

It is believed that the subsurface fault that produced the struc- 
tures along the Nye-Bowler lineament by vertical and lateral move- 
ment assisted in the control of the regional pattern of mountain 
ranges. The westward curve in the Beartooth Mountain front from 
Red Lodge to Nye and the east-west trend from Nye to about 20 
miles west of Livingston is thought to be a surface reflection of this 
subsurface fault. Also, on the eastern side of the Bighorn Basin this 
same subsurface fault is thought to have been a potent factor in the 
northern termination of the Bighorn-Pryor mountain blocks. 

Control of vulcanism.—Another feature of the Nye-Bowler linea- 
ment is its partial control of the vulcanism in its vicinity. Vhay™ 
reported from his study of the Nye area that the laccoliths of Lime- 
stone Butte and Round Mountain were intruded along the westward 
continuation of this lineament. Likewise, Foote" found that the in- 
trusions of Green Mountain and Squaw Peak in the McLeod area 
came up along the same lineament. The dikes found in T. 5 S., Rs. 
16 and 17 E., were intruded along a fault that is genetically associated 
with the lineament. 

Dating of orogenic events.—It is believed that the study of the 
stratigraphy and the structural features developed in the vicinity 
of a mountain block during its growth will aid materially in the inter- 
pretation of the history of the mountains. The application of this 
thesis to the many uplifts of east-central Montana was suggested 
by Thom." This principle of synchronism between active blocks was 
used by the present writer in a study of the parallel activity of Appa- 
lachia and the Nashville dome.” Here the stratigraphy and structure 
of the dome were found to reflect all major movements of the geanti- 
cline, Appalachia."® Similarly, the stratigraphy and structure of the 
Nye-Bowler lineament reflect events in the orogenic history of the 
Beartooth Mountain block. 


12 J. S. Vhay, personal communication. 
3 Freeman Foote, personal communication. 
4 W. T. Thom, Jr., op. cit., pp. 6-7. 


% C. W. Wilson, Jr., “The Pre-Chattanooga Development of the Nashville Dome,” 
Jour. Geol., Vol. 43 (1935), pp. 449-81. 


16 The writer believes that even though the Nye-Bowler anticlinal trend and the 
Nashville dome are not closely analogous, being different in size, shape, and details of 
uplift, they are sufficiently homologous to be thus compared. 
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Laramide orogeny.—As the thickness and lithologic character of 
the Chugwater formation of Triassic age, the Sundance and Morrison 
formations of Jurassic age, and the Cloverly, Thermopolis, Mowry, 
Frontier, Carlile, Niobrara, Telegraph Creek, Eagle, and Claggett 
formations of Cretaceous age, exposed at different localities along 
the crest of the Nye-Bowler lineament, are essentially similar to those 
developed farther east from the mountain front, it is believed that 
the deformation of the Beartooth Mountain block was not appreciable 
during the time of deposition of these formations. Insofar as the source 
of clastic sediments for most of these formations was from the west 
they are slightly thicker and contain more clastic sediments than 
their equivalents farther east. This increase in thickness and amount 
of clastic sediments is not sufficient to suggest activity of the Bear- 
tooth Block before Judith River time that would mark the arbitrary 
beginning of the Laramide orogeny in this region. 

Previous writers have referred to variations in stratigraphy in 
these formations of east-central Montana. These references include 
the thinning or thickening of formations, the lateral transition of 
marine and terrestrial sediments following transgression and regres- 
sion of the strand line, the change in content of clastic sediments, and 
the occurrence of pebbles in members of the Cloverly and Frontier 
formations. Most of these are accepted as resulting from relatively 
gentle epeirogenic warpings, some local in origin and effect, others 
caused by far distant orogenies such as the Arkansan and the Neva- 
dian orogenies in the southern part of the Cordilleran mountain 
system. The writer does not accept such relatively gentle warpings 
as indicating the beginning of true orogenic conditions in east-central 
Montana, but uses for his local criteria the simultaneous beginning 
of (1) marked changes in sediments and increased thickness of forma- 
tions, (2) marked increase in volcanic content of the formations being 
deposited, (3) faulting in adjacent anticlinal structures that reflect 
activity of the growing mountain block, and (4) intrusion. 

All four criteria lead to the conclusion that, in the general vicinity 
of Nye, the Laramide orogeny actively began with the deposition of 
the Judith River formation, or possibly with the deposition of the 
Parkman sandstone member of the Claggett shale. 

The thinning of the Bearpaw, Lennep, and Colgate formations 
and the Hell Creek member of the Lance formation on the crest of 
the Nye-Bowler lineament at Roscoe and the great thinning of the 
Hell Creek and Tullock members of the Lance and the Lebo member 
of the Fort Union formation north of the lineament at Dry Creek 
demonstrate an active “anticlinal” trend during the deposition of 
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these formations. This activity was probably the result of monoclinal 
draping of strata over the buried Basement complex fault, down to 
the south across the northern end of the Bighorn structural basin. 
Movement along a subsurface fault plane would begin with the first 
strong tectonic stresses in the Beartooth-Bighorn region. 

Near the close of the deposition of the Parkman sandstone mem- 
ber of the Claggett shale, volcanic activity broke out along the Bear- 
tooth Mountain front between Nye and Livingston. This volcanic 
activity caused the deposition of the volcanic Livingston formation 
that continued during the deposition elsewhere of normal Judith 
River, Bearpaw, Lennep, Colgate, and Lance formations, and the 
Lebo member of the Fort Union formation. Such volcanic activity 
is thought to be sufficient evidence to date the beginning of marked 
activity in the development of the Beartooth Mountains, for tectonic 
stresses would probably have been active in the opening of volcanic 
vents in the mountain block and in the uplift of the block that re- 
sulted in an increase of clastic sediments in the Livingston formation. 

Another line of evidence is the beginning of recognizable activity 
along the Nye-Bowler lineament as expressed in faulting along this 
line. The occurrence of the agglomerate interbedded in the Judith 
River formation and with the dikes that intruded along a fault gen- 
etically associated with the lineament is believed to demonstrate 
definitely activity along this fault and the underlying lineament, and 
in accord with the principle of synchronism to show the marked 
activity of tectonic stresses in the Beartooth Mountain block on the 
west. 

SUMMARY OF EVENTS 


The chronological development of the Nye-Bowler lineament may 
best be summarized by grouping the events that took place along this 
line into five stages. These stages include developmental changes that 
undoubtedly extended throughout other stages, but as closely as pos- 
sible each stage is described by the factors most active during that 
particular period of time. 

First stage —This stage lasted through the deposition of the Chug- 
water formation of the Triassic, the Sundance and Morrison forma- 
tions of the Jurassic, and the Cloverly, Thermopolis, Mowry, Frontier, 
Carlile, Niobrara, Telegraph Creek, Eagle, and Claggett formations 
of the Cretaceous, and in east-central Montana was accompanied 
only by broad, gentle epeirogenic movements. It is characterized by 
the absence of marked tectonic stresses and hence by the absence of 
perceptible movement along the subsurface fault in the Basement com- 
plex. 
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Second stage.—This stage is limited to the deposition of the Judith 
River formation and probably the Parkman sandstone member of 
the Claggett shale, which are locally included in the Livingston for- 
mation, during which time the first appreciable operation of tectonic 
stresses marked the start of the Laramide orogeny. These stresses 
opened the volcanic vents in the rising mountain block that furnished 
the volcanic material to the Livingston formation. Also, the rising 
mountain block contributed slightly increased amounts of clastic 
materials to the formations included in the Livingston. 

These stresses started adjustment of the surface strata to vertical 
movement along the Basement complex fault and caused the earliest 
surface faulting. Dikes were intruded along this fault and agglomer- 
ates piled up at the surface along the outcrop of the fault plane. All 
surface faulting during this stage was normal. 

Third stage.—During this stage, which lasted through the deposi- 
tion of the Bearpaw, Lennep, Colgate, and Lance formations and the 
Lebo member of the Fort Union formation, the tectonic stresses and 
the associated adjustment of surface strata to subsurface structure con- 
tinued. A monoclinal fold was draped over the buried fault in the Base- 
ment complex. The high side of this fold (the north side in the central 
part of the lineament) was sufficiently higher than the down side on the 
south to cause thinning on the crest of the fold and to cause thick 
deposits on the south in contrast to thin deposits on the north. During 
this stage the compressive stresses were probably sufficiently intense 
to cause a certain amount of anticlinal arching along the monoclinal 
fold. Possibly the subsurface fault locally broke through the overlying 
strata and reached the surface. Lateral movement along the buried 
fault caused the formation of en échelon faults. All the surface faulting 
of this stage is believed to have been normal. The deposition of the 
volcanic Livingston formation continued. 

Fourth stage ——This stage, which corresponds with the deposition 
of the Tongue River member of the Fort Union formation, witnessed 
the maximum mountain building in this immediate area. Compressive 
tectonic stresses were sufficiently intense to increase the arching of 
the anticlinal strip—with its local anticlines, domes, and half-domes 
—along the earlier monoclinal fold. These stresses, acting approxi- 
mately at right angles to the subsurface fault, caused reverse move- 
ment along the earlier normal faults. Lateral movement along the 
subsurface fault continued the em échelon faulting, and caused the 
two fault blocks in T. 6 S., Rs. 19 and 20 E., and the feather faults. 

During this stage the mountain block on the west was being con- 
tinuously uplifted, erosion was active, and thick Tongue River sand- 
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stones and shales were being rapidly deposited in the basin region on 
the east. 

Fifth stage —Following a pause in the deposition of the Tongue 
River, erosion truncated the anticlinal fold along the lineament, so 
that when the mountain block was again uplifted, erosion cut down 
to the pre-Cambrian core in the mountains and spread ‘‘Wasatch” 
sandstones and conglomerates over the truncated basin structure. 
Subsequent normal faulting depressed a large block of ‘‘Wasatch” 
sediments in the vicinity of Luther and permitted its preservation. 
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FRONTIER-NIOBRARA CONTACT IN LARAMIE 
BASIN, WYOMING! 


HORACE D. THOMAS? 
Laramie, Wyoming 


ABSTRACT 


The Upper Cretaceous shale which has been called Carlile in the Laramie Basin, 
Wyoming, overlies the Frontier formation and is, in turn, overlain by the chalky beds 
of the Niobrara. The fauna of the upper part of the Frontier is of the same age as that 
of the upper type Carlile of Colorado, whereas the fauna of the ‘“‘Carlile’’ of the Laramie 
Basin is of Niobrara age. It is believed, therefore, that the use of the name, Carlile, 
should be discontinued in the Laramie Basin and the name, Niobrara, extended down- 
ward to embrace the beds erroneously called Carlile. This basal Niobrara shale is cor- 
related with the Sage Breaks shale member of the Niobrara of the Black Hills, and the 
name, Sage Breaks, is here substituted for the abandoned name, Carlile. 


INTRODUCTION? 


For many years, the dark shales of Upper Cretaceous age which 
overlie the Cloverly formation in the Laramie Basin, Wyoming, were 
known simply as Benton shale, with a resistant siliceous shale in the 
lower part differentiated as the Mowry shale member.‘ The name, 
Niobrara, was used for the highly calcareous rocks which overlié the 
shales called Benton. 

In 1929, in an area in the northern part of the Laramie Basin, the 
Benton was subdivided into Thermopolis shale at the base, Mowry 
shale, Frontier formation, and the Carlile shale at the top, overlain 
by the Niobrara.’ These formations had been named previously and 
have their type localities in other places in Wyoming and Colorado. 


1 Manuscript received, June 2, 1936. 
2 Assistant professor of geology, University of Wyoming. 


3 The writer wishes to express his thanks to J. B. Reeside, Jr., and W. W. Rubey 
of the United States Geological Survey, and to S. H. Knight, State geologist of Wyo- 
ming, for their valuable comments on the stratigraphy and paleontology of the forma- 
tions here discussed. 


4N. H. Darton, ‘Paleozoic and Mesozoic of Central Wyoming,” Bull. Geol. Soc. 
America, Vol. 19 (1908), p Pe: 455-56. 

N. H. Darton and C. E. Siebenthal, “Geology and Mineral —- of the 
Laramie Basin, Wyoming,” U.S. Geol. Survey Bull. 364 (1909), pp. 3 

N.H. Darton, Eliot Blackwelder, and C. E. Siebenthal, ibid., F olin I : 3 4 p.9. 


5 C. E. Dobbin, H. W. Hoots, C. H. Dane, and E. T. Hancock, “‘Geology of the 
Rock Creek Oil Field and Adjacent Areas, Carbon and Albany Counties, Wyoming,” 
U. S. Geol. Survey Bull. 806-D (1929), p. 139. This same subdivision was used for the 
near-by Hanna Basin section by C. F. Bowen, in 1918, on a chart in his paper, “‘Stratig- 
raphy of the Hanna Basin, Wyoming,” U. S. Geol. Survey Prof. Paper 108-L (1918), 
p. 229, but the formations were not discussed. 
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This nomenclature has now come into general use throughout the 
Laramie Basin (Table 1). 

The writer had noted that there is a gradation from the sandy 
shale of the “Carlile” into the calcareous beds of the basal Niobrara 
and, in addition, that the fossils which characterize the lower part 
of the Niobrara also occur in equal abundance in the upper part of the 
“Carlile.”” The conclusion was reached that the ‘“‘Carlile” of the Lara- 
mie Basin is probably more closely related stratigraphically and faun- 
ally to the overlying Niobrara than to the subjacent Frontier. Accord- 
ingly, in 1934, specimens of the fossils which are common to both 
formations were sent to J. B. Reeside, Jr. He was of the opinion that 
the fossils indicated the “Carlile” shale to be of Niobrara rather than 
Carlile age. 

At the writer’s suggestion, the maps of parts of the Laramie Basin, 
completed by the Geological Survey of Wyoming during the past 
2 years, show the Niobrara resting directly on the Frontier and the 
name, Carlile, has not been used. A brief abstract of ais stratigraphic 
revision was published in 1935,° but the details have never been 


presented. 
TABLE I 


EVOLUTION OF NOMENCLATURE OF CoLoraDo GRouP 
oF LARAMIE BASIN, WYOMING 


Darton (1908) “cae” This Paper 
Upper chalky member 
Niobrara Niobrara E Upper shale member 
|Lower chalky member 
Carlile ¥ Sage Breaks shale 
member 
Frontier Frontier 
Benton Mowry Mowry 
Thermopolis Thermopolis 


BENTON AND NIOBRARA OF GREAT PLAINS 


The names, Benton and Niobrara, after localities in Montana and 
South Dakota, were given by Meek and Hayden’ and came into gen- 


* Horace D. Thomas, ‘“‘Benton-Niobrara Contact in the Laramie Basin, Wyoming,” 
Jour. Colorado-W yoming Acad. Sci., Vol. 2, No. 1 (1935), PP. 33-34- 


7 F. B. Meek and F. V. Hayden, “Description of New Lower Silurian (Primordial), 


Jurassic, Cretaceous and Tertiary Fossils Collected in Nebraska Territory,” Phila- 
delphia Acad. Nat. Sci. Proc., 1861, Vol. 13, pp. 417-42. 
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eral use throughout parts of Kansas, Nebraska, Colorado, and Wyo- 
ming. In 1896, Gilbert® divided the Benton of the Arkansas Valley 
in Colorado into Graneros shale at the base, Greenhorn limestone, and 
Carlile shale at the top. He pointed out in his description of the Carlile 
that it is about 200 feet thick; in the east it consists principally of shale, 
but in the west the upper quarter is sandy. Eastward the sandstone is 
replaced by a purplish limestone which contains the ammonite, 
Prionocyclus wyomingensis. The type Carlile is directly overlain by the 
Niobrara, which was divided by Gilbert into the Timpas formation 
at the base and the Apishapa shale at the top. The basal 50-foot 
limestone of the Timpas, he said, is characterized by Inoceramus 
deformis and Ostrea congesta; the upper part of the formation contains 
“abundant, very broad, flat bivalves belonging to the genus, Imocera- 
mus, and usually covered with Ostrea congesta.” 

Later, in 1899, Logan carried the names, Graneros, Greenhorn, 
and Carlile, into Kansas,’ and pointed out that Prionocyclus wyo- 
mingensis and Scaphites warreni occur along with other fossils in the 
upper part of the Carlile of that region. The Niobrara of Kansas had 
previously been divided into the Fort Hays limestone below and the 
Smoky Hill chalk (called “‘Pteranodon beds” by Logan) above. 

In 1925, Rubey and Bass! summarized the Upper Cretaceous 
stratigraphy of central Kansas and pointed out that the Blue Hill 
shale, the upper member of the Carlile, is characterized by Priono- 
cyclus wyomingensis, Inoceramus fragilis, and shark teeth, and that 
the upper 20-25 feet of the Blue Hill member is a gray sandstone. 
Rubey and Bass tentatively correlated this bed with ‘“‘a sandy unit 
at the top of the Carlile shale in South Dakota, Colorado, and Wyo- 
ming, the ‘Pugnellus’ sandstone in south-central Colorado,and the 
‘Niobenton’ sandstone of the oil geologists in north-central Colorado.” 
It is pointed out that the Fort Hays limestone member of the Nio- 
brara is characterized by Inoceramus deformis, Ostrea congesta, Globi- 
gerina bulloides, and Textularia globulosa (Giimbelina globulosa) and 
that the Smoky Hill chalk member is characterized by Inoceramus 
grandis, Ostrea congesta, Globigerina, and Textularia. 

In 1926, Bass" applied the name, Codell sandstone bed, to the 

8 G. K. Gilbert, “The Underground Water of the Arkansas Valley in Colorado,” 
U.S. Geol. Survey 17th Ann. Rept., Pt. II (1896), pp. 565-67. 


§ W. N. Logan, “A Discussion of Certain Subdivisions of the Colorado Formation,” 
Jour. Geol., Vol. 7 (1899), pp. 83-91. 

10'W. W. Rubey and N. W. Bass, “The Geology of Russell County, Kansas,” 
Kansas State Geol. Survey Bull. 10, Pt. 1 (1925), pp. 25-40. 


uN. W. Bass, “Geologic Investigations in Western Kansas,’’ Kansas State Geol. 
Survey Bull. 11 (1926), p. 28. 
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sandy unit at the top of the Blue Hill shale member of the Carlile 
in central Kansas. Since that time the name has been carried west- 
ward into western Kansas and eastern Colorado and is commonly 
used at the present time. 

Henderson” had previously discussed the Benton of northern 
Colorado and had shown (1) that here it is invariably capped by a 
sandstone or sandy shale, (2) that the base of the Niobrara is a fine- 
grained limestone with Inoceramus deformis and Ostrea congesta, and 
(3) that near the middle of the Niobrara “is found a lime-shale zone 
composed of Ostrea congesta attached to a large Inoceramus whose 
specific identity can not be made out.” 

These facts may be summarized by quoting Reeside’s™ observa- 
tions on the Carlile and Niobrara. He says: 


The Carlile and Niobrara possess a number of widespread major faunal 
zones . . . [which have], however, been more or less ignored in the application 
of lithologic formational names in a number of regions. For example, the Nio- 
brara formation in its original locality ...has a lower unit of limestone 
(mainly) and an upper unit of chalk (mainly). These contain distinctive spe- 
cies as well as certain long-ranging forms. The conspicuous form in the chalk 
is a very large, flat Jnoceramus overgrown with Ostrea congesta. To this form 
Conrad gave the name Haploscapha grandis. . . . Inoceramus deformis Meek 
is a relatively small cup-shaped species and is confined to the lower, lime- 
stone, unit in the Plains. Westward the Niobrara passes into calcareous shales, 
the uppermost part of the chalk unit persisting farthest. At many places only 
this chalky remnant has been called Niobrara, though faunally the shales 
beneath are also Niobrara. Generally the zone of Inoceramus deformis is a 
basal part of these shales. 

Under the Niobrara in the Plains region, in the Carlile, are two very defi- 
nite major zones. The upper zone has as its most conspicuous fossils Scaphites 
warreni and Prionocyclus wyomingensis ; the lower has Scaphites larvaeformis 
and Prionotropis woolgari. 


FRONTIER AND NIOBRARA OF LARAMIE BASIN 


Frontier —Overlying the siliceous Mowry shale of the southern 
part of the Laramie basin is about 700 feet of beds whose lower part 
consists primarily of black shale. This dark shale becomes more 
sandy progressively upward and culminates at the top in a tan sand- 
stone about 20 feet thick. This succession constitutes the Frontier 
formation and the sandstone at the top is locally called the Wall 
Creek sandstone. This bed contains Prionocyclus wyomingensis, Ino- 
ceramus fragilis, and numerous shark teeth, the latter occurring most 


12 Junius Henderson, “Foothills Formations of North-Central Colorado,” Colorado 
Geol. Survey Bull. 19 (1920), pp. 85-86. 


18 J. B. Reeside, Jr., personal communication, September 14, 1934. 
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abundantly at the base of the sandstone in association with well 
rounded black chert pebbles. 

In the northern part of the Laramie Basin, the upper part of the 
Frontier is much more sandy than in the southern part and generally 
two or three beds of hard sandstone are present. It is believed that 
the uppermost bed represents the so-called Wall Creek sandstone 
of the southern part of the basin, although this point needs additional 
investigation. Scaphites warreni, Prionocyclus wyomingensis, and 
Inoceramus fragilis have been collected by the writer from one of the 
sandstones, but whether or not it was the uppermost one of the se- 
quence is uncertain. 

“Carlile.” —The “Carlile” shale consists of 250-300 feet of finely 
laminated, gray sandy shales. Thin streaks of bentonite are conspicu- 
ous in good exposures (which are rare, however, because of the non- 
resistant nature of the rock) and one thin limestone bed, 6 inches 
thick, has been noted 55 feet above the base of the formation. The 
lower 60 feet, more or less, seems to be barren of megafossils, but the 
remaining upper portion contains abundant specimens of Inoceramus 
(Haploscapha) grandis covered with Ostrea congesta.* Foraminifera 
are abundant throughout and consist mainly of several species of 
Globigerina and several species of Giimbelina, but the writer has dis- 
criminated about 40 additional species, all of which have not yet been 
identified. The striking forms, Lenticulina sublaevis and L. kansasense, 
described by Morrow from the Fort Hays limestone of Kansas," 
seem to be represented here and occur commonly from a horizon 55 
feet above the base of the formation to one about 150 feet above the 
base. A species tentatively identified as Planulina kansasensis Mor- 
row, another Fort Hays species, also occurs in this zone. Spiroplec- 
tammina bentonensis Carman, described from the “Benton” of the 
Laramie Basin,’* occurs in this zone and the type specimens came 
from this horizon. 

Niobrara (old usage).—The Niobrara grades up from the sandy 
shale of the “‘Carlile.”” The basal member consists of cream-colored 
impure limestone containing abundant specimens of Imnoceramus 
grandis and Ostrea congesta, and thin beds of coquina made up of 
shells of Ostrea are conspicuous. This member is 75—100 feet in thick- 
ness and is overlain by approximately 100 feet of dark fissile shale 


4 Tdeatified by J. B. Reeside, Jr. 


% A. L. Morrow, ‘Foraminifera and Ostracoda from the Upper Cretaceous of 
Kansas,” Jour. Paleon., Vol. 8 (1934), p. 189. 


6 Katherine Carman, “‘Some Foraminifera from the Niobrara and Benton Forma- 
tions of Wyoming,”’ Jour. Paleon., Vol. 3 (1929), p. 311. 
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which is apparently almost barren of megafossils. The upper member 
is platy, impure cream-colored limestone several hundred feet thick. 
The upper two members are strikingly less fossiliferous than the 
lower calcareous member. In all three of the members the Foraminif- 
era are not nearly as diversified as in the “Carlile” and are repre- 
sented mainly by Globigerina and Giimbelina. 


CORRELATIONS BETWEEN LARAMIE BASIN, GREAT 
PLAINS, AND BLACK HILLS 


The fauna of the Wall Creek sandstone at the top of the Frontier 
of the Laramie Basin, and its stratigraphic position, make it apparent 
that this horizon represents the top of the Carlile of the Great Plains. 
The so-called Wall Creek sandstone is probably identical with the 
Codell sandstone of Kansas and Colorado. The fauna of the “Carlile” 
shale of the Laramie Basin is undoubtedly a Niobrara fauna and indi- 
cates that the “Carlile” is younger than the Carlile of the type region 
(Fig. 1). 


“FRONTIER 


[Fic. 1.—Diagrammatic restored section showing relationship of beds of Carlile 
and Niobrara age between Kansas, Laramie Basin, and western Wyoming. Horizon 
of Frontier-Hilliard contact is uncertain in respect to Laramie Basin section and is 
only diagrammatically represented here. 

It is believed, therefore, that the use of the name, Carlile, in the 
Laramie Basin should be discontinued and the name, Niobrara, ex- 
tended downward to embrace the beds previously called Carlile. 
This procedure imparts a quadripartite nature to the Niobrara, as 
follows: (1) a basal sandy shale member, (2) a lower creamy, chalky 
member, (3) an upper dark shale member, and (4) an upper platy, 
creamy, chalky member. 

Although no attempt has been made to determine the details of 
the areal extent of the four lithologic units, it is known at this time 
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that they may be distinguished throughout most of the Laramie 
Basin, in north-central Colorado along the headwaters of the Big 
Laramie River, and as far west as the Sage Creek Basin, south of 
Rawlins, Wyoming. Over an area of at least 4,000 square miles, then, 
outcrops of the Niobrara show this quadripartite nature and it is 
believed that the members may be recognized over a still greater 
area. 

Sage Breaks shale member of Niobrara (first application in south- 
eastern W yoming).—The name, Sage Breaks, was applied by Rubey 
to the basal shale member of the Niobrara in the Black Hills of 
northeastern Wyoming.” This shale overlies the Turner sandy mem- 
ber of the Carlile and had been included in the Carlile in earlier re- 
ports. It is overlain by the Beaver Creek chalky member of the 
Niobrara. 

The writer believes that the beds in the Laramie Basin between 
the Wall Creek sandstone and the lowermost chalky member of the 
Niobrara—that is, those previously called Carlile—are essentially 
equivalent to the Sage Breaks shale member of the Niobrara of the 
Black Hills. Therefore, as a substitute for the abandoned name, 
Carlile, the name, Sage Breaks, is applied here to this shale in the 
Laramie Basin, in spite of the fact that the shale has not yet been 
traced between the Black Hills and the Laramie Basin. This procedure 
is thought to be much more satisfactory than applying a new name 
to the shale and perhaps subsequently finding it to be synonymous 
with the name, Sage Breaks. 

It is believed that the Sage Breaks shale of the Laramie Basin is 
equivalent to the Fort Hays and the lower Smoky Hill of the Great 
Plains. However, no specimen of Imoceramus which even closely ap- 
proaches Inoceramus deformis has been found in the lower part of the 
Sage Breaks shale in the Laramie Basin by the writer. It may be that 
the zone characterized by this fossil is not present in the Laramie 
Basin, for there is a suggestion of a disconformity between the Fron- 
tier and the Niobrara, or that the environment was not suitable for 
the flourishing of the species. 


CORRELATIONS BETWEEN LARAMIE BASIN AND 
WESTERN WYOMING 


It is generally believed that the top of the Mowry shale of central 
and southern Wyoming is a horizon synchronous with the top of the 
17 W. W. Rubey, “Lithologic Studies of Fine-Grained Upper Cretaceous Sedimen- 


tary Rocks of the Black Hills Region,’”’ U. S. Geol. Survey Prof. Paper 165-A (1930), 
Pp. 4. 
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siliceous Aspen shale of western Wyoming.'* The type Frontier over- 
lies this horizon and comprises about 3,000 feet of marine shales and 
sandstones, and continental coal-bearing beds. It is almost certain, 
according to Reeside,’® that the upper part of the Frontier is of Nio- 
brara age, and according to Rubey, Inoceramus deformis ranges 
through a great thickness of Frontier in the Wyoming Range in 
western Wyoming.”° In spite of this fact, it is at present much more 
convenient to carry the name, Frontier, eastward into the Laramie 
Basin and limit its scope, rather than to apply the name, Carlile, to 
the upper part of the Frontier of the Laramie Basin. It has been im- 
possible thus far, because of lack of paleontologic evidence, to cor- 
relate the Thermopolis, the Mowry, and the Frontier of the Laramie 
Basin with the Graneros, the Greenhorn, and the Carlile. Therefore, 
the name, Frontier, is used in the Laramie Basin in a restricted sense 
and probably does not embrace as great a length of time as does the 
name, Frontier, in the type locality. 


SUMMARY 


A widespread sandy horizon at the top of the Carlile shale of the 
Great Plains is characterized by Prionocyclus wyomingensis, Scaphites 
warreni, and Inoceramus fragilis. This fauna is found in the Laramie 
Basin in the so-called Wall Creek sandstone at the top of the Frontier 
formation. The Niobrara formation of the Great Plains contains a 
distinctive fauna, characterized mainly by Inoceramus grandis, which 
occurs in the Laramie Basin in the shale which has been called Carlile 
as well as in the Niobrara. Therefore, the upper part of the Frontier 
in the Laramie Basin is of Carlile age and the “Carlile” shale of this 
region is of Niobrara age. The scope of the name, Niobrara, is ex- 
panded in the Laramie Basin so as to include the shale previously 
called Carlile, and the name, Sage Breaks shale member of the Nio- 
brara, is substituted in place of the abandoned name, Carlile. 


DISCUSSION 


A. E. BRAINERD, Denver, Colorado (discussion received June 2, 1936): 
The term Sage Breaks, as defined by Professor Thomas, was applied in the 
Black Hills district, and is being used by him for the lower part of the Nio- 
brara section in the Laramie Basin. I am not just sure if it is wise to use the 
term over this rather widespread area without tracing it through. In our 
drilling wells [Continental Oil Company] in eastern Colorado we have found 


18 W. W. Rubey, “‘Origin of the Siliceous Mowry Shale of the Black Hills Region,” 
U. S. Geol. Survey Prof. Paper 154-D (1929), pp. 169-70. 

19 J. B. Reeside, Jr., op. cit. 

20 W. W. Rubey, personal communication (March, 1936). 
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the Timpas (Fort Hays) limestone, basal Niobrara, resting on the Codell, 
which I believe now to be Frontier (Wall Creek), as is indicated by Professor 
Thomas. 

In other places we have found a shale interval between the Codell sand- 
stone or Wall Creek sandstone and the Timpas limestone. It is evident that 
there is an unconformity at the base of the Timpas limestone (Fort Hays 
limestone) in eastern Colorado. Just what is the age of the shale which lies 
between the Timpas and the Codell, would be open to question. 

Horace D. Tuomas: A suggestion relative to the age of the shale which 
lies between the Codell sandstone and the Timpas limestone in places in 
Colorado to which Mr. Brainerd has called attention is as follows. 

Beneath the Great Plains, between the Laramie Basin and Kansas, there 
should be localities at which the lower shale member of the Niobrara is thin. 
Such a condition is shown in Figure 1 midway between the Laramie Basin and 
the Kansas sections. The shale in question may simply represent the attenu- 
ated southeastward extension of the Sage Breaks shale member. The localities 
in Colorado at which the shale is not present possibly were sites of deposition 
seaward from the early Niobrara “‘mud-line,”’ and there the shale has graded 
into, and is represented by, the basal Timpas limestone. If this suggested rela- 
tion is correct, the Foraminifera in the shale should be species which also oc- 
cur in the Fort Hays limestone of Kansas. 
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PROBLEMS OF PENNSYLVANIAN-PERMIAN 
BOUNDARY IN SOUTHERN NEVADA! 


CHESTER R. LONGWELL? anp CARL O. DUNBAR? 
New Haven, Connecticut 


ABSTRACT 


Within the past twenty years, students of stratigraphy have drawn the base of the 
Permian system in the Grand Canyon district at progressively lower horizons. On the 
basis of fossil plants, first the Hermit shale and, more recently, the red beds of the Supai 
formation have been included in the Permian section with the Kaibab limestone. The 
Bird Spring formation, more than 5,000 feet thick, which lies beneath the Supai in 
southern Nevada, has heretofore been placed in the Pennsylvanian, except for a few 
hundred feet in the lower part, which Girty considers Upper Mississippian. 

Fusulinids collected in the Las Vegas Quadrangle indicate that the upper 2,900 feet of 
the Bird Spring formation is correlative with the Wolfcamp formation and part of the 
Leonard formation in the Glass Mountains of Texas. 


INTRODUCTION 


Exact definition of the Permian system is a problem that is being 
studied and discussed by stratigraphers and paleontologists in many 
lands. Until there is an approach to general agreement on this defini- 
tion, it will not be possible to classify some formations in this country 
as certainly Permian or Pennsylvanian. It is desirable, however, to 
determine the physical and faunal characteristics of the debatable 
formations, and to find criteria for correlation of horizons in widely 
separated sections. Studies directed to these ends have immediate 
practical value and may contribute to the body of evidence on which 
the base of the Permian system will eventually be fixed. 

The present article is based on several seasons’ field study in 
southern Nevada by the senior writer, under the joint auspices of 
Yale University and the United States Geological Survey. Most of 
the fossils from the Carboniferous formations were submitted to G. 
H. Girty, whose complete report will appear in a future publication. 
In 1924 the junior writer examined fusulinids from the Bird Spring 
formation and stated that some of them have a Permian aspect. At 
his suggestion particular attention was given during later seasons to 
systematic collecting of fusulinids. Specimens from these collections 
have now been sectioned and studied, and the results are sufficiently 
striking to merit attention in a discussion of the stratigraphy. 

1 Published by 4g --ey of the director of the United States Geological Survey. 
Manuscript received, July. 3, 1936. 

2 Yale University, geological department. 
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GRAND CANYON SECTION 


The Grand Canyon section has become so well known as to serve 
as a standard for comparison in this discussion. The Kaibab limestone 
and the Supai formation, both of which are now recognized in the 
literature as Permian, extend into southern Nevada from the Grand 
Canyon district (Figs. 1 and 2). The upper part of the Supai formation 
in southern Nevada consists of red shale similar to the Hermit shale 
as described by Noble,’ but no fossil evidence has been reported from 
this part of the section in Nevada. The Coconino sandstone, a con- 
spicuous formation in the plateau region, thins westward and is not 
recognized west of the Virgin Mountains.‘ 


SCALE 


0 25 50 75 100 ML 


Fic. 1.—Index map of southern Nevada and northwestern Arizona. 1, Noble’s 
type section at Bass Trail; ah mouth of the Grand Canyon; 3, Muddy Mountains; 4, 
oer aited Mountain Range, Las Vegas Quadrangle. Relief features, after Lobeck, consider- 


The base of the section referred to the Permian system has been 
drawn at progressively lower horizons in the Grand Canyon district. 
Until about 20 years ago, the only stratigraphic unit in the district 
described as probably Permian in age was the Moenkopi formation, 
now recognized as Lower Triassic. Even as late as 1917, publications 
of the United States Geological Survey listed this formation as Per- 

* L. F. Noble, ‘‘A Section of the Paleozoic Formations of the Grand Canyon at the 
Bass Trail,” U. S. Geol. Survey Prof. Paper 131-B (1922), pp. 64-66. 


*C. R. Longwell, “Geology of the Muddy Mountains, Nevada, et cetera,’’ Amer. 
Jour. Sci., Vol. 50 (1921), pp. 47-48; U. S. Geol. Survey Bull. 798 (1928), p. 37. 
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Fic. 2.—Comparison of stratigraphic sections in Colorado Plateau, southern 
western Texas. 1, Indian Springs member of Bird Spring formation. 
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mian (?), and assigned to the Pennsylvanian system the Kaibab, 
Coconino, and Supai units.> Several years earlier, however, Girty® 
suggested that the Moenkopi might belong in the Lower Triassic, 
and recognized affinities between the Kaibab and Guadalupian 
faunas.’ Shortly after the Kaibab was definitely assigned to the Per- 
mian system, White pronounced as Permian a number of fossil plants 
collected by Schuchert and Noble from red shale in the upper part 
of the Supai formation as originally defined.* Noble gave to these 
plant-bearing shales the new formation name Hermit shale and rede- 
fined the Supai formation as including not only the red sandstones of 
the original formation, but also a lower series of compact limestones 
and sandstones formerly grouped with the Redwall limestone. During 
the next few years White found plants at several horizons, some of 
them less than 60 feet above the top of the Redwall, which indicate 
“lower Permian age for the entire Supai formation.”® 

The red Supai sandstones can be traced continuously across the 
plateau to the Grand Wash Cliffs, and they form conspicuous out- 
crops in the Virgin and Muddy mountains and farther southwest in 
Nevada. Throughout that wide extent these red beds are remarkably 
uniform in character and in thickness; and although no fossils have 
been reported from this group of beds in Nevada, the entire section 
of red deposits there is also regarded as Permian in age, since it: lies 
below typical Kaibab limestone and above Pennsylvanian marine 
strata.’ However, even if we grant that the red beds of this zone in 
Nevada are equivalent to the red Supai sandstone and the Hermit 
shale of the Grand Canyon, an important question remains regard- 
ing the lowest member of the Supai as defined by Noble. At the 
Bass Trail this member, which occupies the interval between the 
Mississippian limestone and the typical red Supai sandstone, consists 
of interbedded sandstone, limestone, and shale with an aggregate 
thickness of about 200 feet."' The interval between the two horizons 


5 See, for example, H. E. Gregory, “‘Geology of the Navajo Country,” U. S. Geol. 
Survey Prof. Paper 93 (1917), pl. 3. 

6 G. H. Girty, “(New Species of Fossils from the Thaynes Limestone of Utah,” 
New York Acad. Sci. Annals, Vol. 20, Pt. 2 (1910), pp. 239-42. 

7™L. F. Noble, “The Shinumo Quadrangle, Grand Canyon District, Arizona,” 
U.S. Geol. Survey Bull. 549 (1914), p. 71. 

§ L. F. Noble, U. S. Geol. Survey Prof. Paper 131-B (1922), pp. 65-66. 

David White, “Flora of the Hermit Shale, Grand Canyon, Arizona,’”’ Carnegie 
Inst. Washington Pub. 405 (1929). 

® David White, “Study of the Fossil Floras in the Grand Canyon, Arizona,’ 
Carnegie Inst. Washington Yearbook 27 (1927-28), pp. 389-90. 
1D. F. Hewett, “Geology and Ore Deposits of the Goodsprings Quadrangle, 
Nevada,” U.S. Geol. Survey Prof. Paper 162 (1931), pp. 9 and 30. 
F. Noble, op. cit., p. 61. 
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Fic. 3.—Subdivisions of Bird Spring formation, according to lithologic character 
and distribution of fusulinid genera. Numbers 2, 3, 4, and 5 indicate four members 
above Indian Springs member. 
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increases steadily westward; at the mouth of the Grand Canyon 
it measures several hundred feet, in the Muddy Mountains at least 
2,000 feet,” and in the Las Vegas Quadrangle a maximum of more 
than 5,000 feet. What part of this great wedge-shaped mass may be- 
long to the Permian system? 

On the basis of White’s plant discoveries,” it would appear that 
deposits of Pennsylvanian age are either very thin or entirely absent 
in the eastern part of the Grand Canyon district. There has been no 
detailed study of the critical zone near the mouth of the canyon. In 
southern Nevada there are thick Pennsylvanian deposits in the lower 
part of the previously described wedge. The higher part of the section, 
reaching up to the red Supai sandstones, merits close attention. 


SECTION IN THE LAS VEGAS QUADRANGLE 


In the Goodsprings district, Hewett studied and named the 
Monte Cristo limestone which, according to Girty, is of Lower and 
Middle Mississippian age (Figs. 4 and 5). Above this formation lies a 
thick series of limestone, dolomite, shale, and sandstone named by 
Hewett" the Bird Spring formation. The basal member consists of 
thin-bedded sandstone, shale, and limestone, with local conglomerate. 
On the basis of a large fauna collected by Hewett, Girty referred the 
formation to the Pennsylvanian system. Most of the species reported, 
however, were found in the lower half of the formation. 

Toward the northwest the Bird Spring formation thickens con- 
spicuously; in the Spring Mountain range, northwest of Las Vegas, 
the senior writer measured 5,250 feet of strata between the Monte 
Cristo and Supai formations (Fig. 3). The basal member changes con- 
siderably in character and appears to thicken in the same direction. 
Near Indian Springs, 50 miles northwest of Las Vegas, yellow, orange, 
and reddish shales are interbedded with limestones and subordinate 
sandstones in a section 700 feet thick. Because of its peculiar lithologic 
character and fauna, this zone appears to have formation value, but 
the writers refer to it, in this paper, as the Indian Springs member of 
the Bird Spring formation (Fig. 4). It has several horizons that are 
rich in fossils. About 70 species have been listed by Girty, who says 
in his unpublished report, “The Indian Springs fauna, in my judg- 
ment, clearly indicates an upper Mississippian, or to be more specific 
a Chester age, though it is a Chester fauna greatly modified in facies.” 

12 C, R. Longwell, U. S. Geol. Survey Bull. 798 (1928), fig. 2, p. 21. 

18 David White, of. cit. 

“PD. F. Hewett, op. cit., pp. 17-21. 

4 Tbid., pp. 21-30. 
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There is no sharp lithologic change to mark the upper limit of the 
member and it is difficult to set an upper boundary on faunal evidence 
because forms that are characteristic of the Lower Pennsylvanian are 
blended with typical Chester forms through a considerable thickness. 
For the present, the boundary is drawn somewhat arbitrarily beneath 
the lowest occurrence of Fusulinella. 

The remainder of the Bird Spring section consists of compact lime- 
stone and dolomite in layers of varying thickness, alternating monot- 
onously with weak zones containing shale. In a preliminary examina- 
tion it appears impossible to distinguish one part of the section from 


_ Fic. 4.—Lower part of Bird Spring formation. Ridge at left made of tilted Monte 
Cristo limestone. Strike valley is eroded in weak Indian Springs member of Bird Spring 
formation. Part of member No. 2 of this formation forms ridge at right. 


another, but close study reveals several zones that have fairly dis- 
tinctive lithologic character. Directly above the Indian Springs hori- 
zon there is an alternation, through several hundred feet, of resistant 
limestone layers and rather thin shaly zones—an alternation that is 
expressed on a mountain side by a succession of low cliffs separated 
by short slopes (member No. 2, Figs. 2 and 3). The next higher mem- 
ber (No. 3), which is 700-800 feet thick, consists chiefly of limestone 
and dolomite, some of it in rather thick beds. This member makes 
prominent cliffs in the high parts of the range (Figs. 5 and 6). It is 
succeeded rather abruptly by a distinctive weak zone consisting 
chiefly of platy limestone and calcareous shale, that forms subdued 
slopes interrupted at long intervals by cliffs on more resistant units. 
This weak member (No. 4) ranges in thickness from 1,000 to 1,500 
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feet. Some parts of it, particularly a thick shaly unit at its base, are 
characterized by yellow, orange, and even reddish tints on weathered 


Fic. 5.—Charleston Peak from southeast. Monte Cristo limestone forms white 
cliffs, nearly 1,000 feet high; about 3,000 feet of Bird Spring formation above. Indian 
Springs member is in base of upper forested slope; member No. 3 (forming cliffs) 
reaches about to timber line; member No. 4 forms peak and top of ridge. 


Fic. 6.—View southward from Charleston Peak. Member No. 3 of Bird Spring for- 
mation in cliffs below white arrow; member No. 4 above arrow and at right of view. 
Attitude of strata changes from nearly horizontal at left to dip of 30° at right. 


surfaces. The upper member (No. 5) contains a much larger propor- 
tion of resistant limestone and dolomite, although it also has recurring 
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units of shaly and platy limestone. At the top is a thick section of 
dark gray and black limestone, many layers of which emit a strong 
petroliferous odor. 

The basal member of what has been mapped as the Supai forma- 
tion in southern Nevada consists of gray calcareous shale and thin- 
bedded limestone; this assemblage of weak beds yields to weathering 
and is exposed only where streams are vigorously incising their val- 
leys across the strike of the formation. About 1oo feet above the base 
some reddish layers appear and somewhat higher the entire section is 
occupied by the typical red beds. It should be emphasized that at 
present lithologic character and general stratigraphic position form 
the only basis for correlation with the type Supai section. It is possible 
that a large part of the Bird Spring formation is the time equivalent of 
beds in the lower part of the Supai formation in the Grand Canyon 
district. 


FUSULINIDS IN BIRD SPRING FORMATION 


A full discussion of the fossil evidence in the Bird Spring formation 
requires considerable space and will appear in another publication. 
The essential facts regarding the fusulinids appear to be significant 
and are stated briefly here. 

No fusulinids have been found in what is called here the Indian 
Springs member. About 700 feet above the top of the Monte Cristo 
formation there are some representatives of the genus Fusulinella and 
200 feet higher in the section some of the limestone layers are crowded 
with these small forms. Fusulinella is the only fusulinid genus now 
known from member No. 2 of the Bird Spring formation, but careful 
collecting has not been done in the upper part of this member 
(Fig. 3). Collections at close intervals through member No. 3 show 
several fusulinid species, all belonging to the genus Triticites. On the 
basis of present collections, therefore, members Nos. 2 and 3 appear 
to have distinctive fusulinid faunas. 

The highest Triticites horizon is in the uppermost part of member 
No. 3. In the lowermost beds of member No. 4 the genus Schwagerina 
(Pseudofusulina)* makes its appearance; representatives of Pseudo- 
schwagerina were found slightly higher. The collections now at hand 
indicate that Pseudoschwagerina does not occur above the lower part 

% Carl O. Dunbar and John W. Skinner, “Schwagerina versus Pseudoschwagerina 
and. Paraschwagerina,’’ Jour. Paleon., Vol. 10 (1936), p. 83. Dunbar and Skinner have 
shown that the genotype of Schwagerina expands gradually and has precisely the char- 
acters for which the name Pseudofusulina was introduced. Schwagerina has been re- 
defined, accordingly, and a new generic name, Pseudoschwagerina, was introduced for 


forms like eg (Pseudoschwagerina) uddeni in which the formation of the 
juvenile whorls is followed by relatively sudden inflation. 
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of member No. 5, but Schwagerina (Pseudofusulina of authors) ranges 
almost if not quite to the top of member No. 5. 


CORRELATION WITH FORMATIONS IN TEXAS 


The fusulinids in members Nos. 2 and 3 corroborate the testimony 
of the larger fossils that these two units are of Pennsylvanian age. 
The lower half of member No. 2 is definitely Lower Pennsylvanian. 
On the basis of the genus Triticites, which dominates the fusulinid 
fauna of member No. 3, this member is referred to the Upper Penn- 
sylvanian (Fig. 3). There is no intention to suggest, however, that 
this unit represents the highest part of the Pennsylvania system. It 
is merely the highest part of the section that can be classed, at present, 
as certainly Pennsylvanian. 

The fusulinid assemblage in member No. 4 is so similar to that of 
the Wolfcamp formation in the Glass Mountains of Texas that there 
is no hesitation in correlating the two units, in spite of the great dis- 
tance between them. There is also strong suggestion of correlation be- 
tween member No. 5 and the lower part of the Leonard formation 
in the Glass Mountains; however, since only a few collections from 
member No. 5 have been studied, the closeness of the correlation can 
not be stated positively (Fig. 2). 

In recent publications the Wolfcamp formation has been classified 
as basal Permian.'? This view is supported by the tendency of many 
paleontologists to regard Pseudoschwagerina as an index fossil of the 
early Permian. Opinion in this matter is still divided, however, and 
final allocation of the two upper members of the Bird Spring forma- 
tion to a system can not be made at present. If the early Permian age 
of the Wolfcamp formation should eventually be accepted, more than 
half of the Bird Spring formation of southern Nevada will then fall 
into the Permian system. In any event, it seems assured that the for- 
mation, as now defined, will be divided into several distinct formations 
by detailed study. 

17 See, for example, P. B. King and R. E. King, “Stratigraphy of Outcroppin 
Carboniferous and Permian Rocks of Trans-Pecos, Texas,” Bull. Amer. Assoc. Petrol. 


Geol., Vol. 13 (1929), pp. 907-26; and P. B. King, ‘“The Geology of the Glass Mountains, 
Texas,” Pt. I, Univ. of Texas Bull. 3038 (1930), p. 53- 
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GEOLOGY OF DEVONIAN AREAS OF PARANA 
BASIN IN BRAZIL, URUGUAY, AND 
PARAGUAY' 


VICTOR OPPENHEIM? 
Rio de Janeiro, Brazil 


ABSTRACT 


This paper, representing the results of a detailed survey of the Devonian area in 
the state of Paran4, Brazil, gives some new data and field observations, valuable for a 
better understanding of the character of the Devonian sediments in the Paran4 Basin. 

Correlation is made with other Devonian areas on the widely separated edges of the 
great basin, in the states of Matto Grosso and Goyaz, Brazil, and the neighboring re- 
publics of Uruguay and Paraguay, as well as with the area of the valley of the Amazon 
(Fig. 1). The comparative table shows the main characteristics and thickness of the 
rocks in the areas mentioned, as compared with some of those known in other parts of 
South America, South Africa, and North America. 


INTRODUCTION 


This paper is part of a report presented to the Mineral Production 
Survey, Ministry of Agriculture of Brazil, and gives a résumé of the 
writer’s field work for this Government department during the latter 
part of 1934 and the beginning of 1935. 

The Devonian area of the state of Parana has already been slightly 
studied by O. A. Derby, J. M. Clarke, and E. Oliveira in reports dated 
previous to 1915. However, the writer believes that some new obser- 
vations of detailed field work, as well as correlations with other new 
Devonian areas not known or mentioned by the preceding authors, 
amply justify this contribution. The writer hopes that the correlation 
of most of the known data on the basin of Paranda and on some other 
parts of South American may help establish a basis of thought and 
certain deductions concerning geology and the possibilities for petro- 
leum in the area studied. 

The writer expresses his thanks to Domingos Fleury da Rocha, di- 
rector general, and Avelino Ignacio de Oliveira, director of the Min- 
eral Production Survey, for authorization to publish this paper. He 
is indebted particularly to Djalma Guimaraes, director at the time 
the study and survey of the region were performed, who also greatly 
helped in the present study of several important problems related to 

1 Published with the permission of the director of the Federal Mineral Production 
Survey of Brazil. Manuscript received, June 20, 1936. 

? Consulting geologist, Mineral Production Survey, Avenida Pasteur, 404. 
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Fic. 1.—Distribution of Devonian areas in South America (modified after Garth). Occurrences 
in Parand Basin are numbered: 1. State of Parana; 2. State of Matto Grosso; 3. State of Goyas; 4. 
Paraguay; 5. Uruguay. 
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the area in question and to the area south of Brazil. Thanks are due 
to Alvaro de Paiva Abreu, Affonso C. Alvim, and Birger Juell, all of 
the Mineral Production Survey, for efficient assistance in the field 
survey and mapping. For help in presentation of this paper, the writer 
is grateful to Joseph F. Brown. 

As correlated reading, the bibliography accompanying this paper 
should be carefully considered. 


DEVONIAN AREA OF PARANA 


The phyllites, quartzites, granites, and gneisses of the Basement 
complex, considerably folded, appear very much eroded and pene- 
planed beneath the unconformable Devonian sediments of the Parana 
series. Evidently a long period of erosion and exposure preceded the 
depositing of this series: The absence of any fossil traces in the sub- 
jacent metamorphic rocks prevents an exact determination of the 
duration of the great hiatus that preceded Devonian deposition. The 
earliest satisfactory paleontological evidence is found in the excellent 
collections of fossils in the upper part of the eo-Devonian shales. 

The Devonian area in Parana appears in the form of a narrow, 
curved band between Serrinha, Parana (latitude, approximately 
25°35’ S.), and Faxina, Sao Paulo (latitude, approximately 23°50’ S.) 
(Fig. 2). This strip makes the western border of the basement rocks 
and extends in the form of a semicircle west of Curityba and Castro, 
a total distance, north and south, of more than 300 kilometers. Its 
greatest width, about 4o kilometers, east and west, is approximately 
on the parallel of latitude, 24°40’ S., where it also has maximum stra- 
tigraphic development. In its northeast and southeast extremities the 
band gradually narrows, sinking northwest and southwest, respec- 
tively, beneath the overlapping Permian glacial deposits. The western 
margin of the band, although showing various faults, as in Pedra 
Branca, likewise dips under the same glacial sediments. 

Only the eastern limit appears in the form of an abrupt erosional 
escarpment or sandstone cuesta throughout almost its entire exten- 
sion. North of the valley of the River Yapé the escarpment is known 
as the Serra das Furnas, but farther south it takes various local names, 
in the following north-south order: Serra de Sio Joaquim, west of 
Castro; Serra de Itayacoca, east of Ponta Grossa; Serra de Sant’Anna 
and Serrinha at its southernmost extremity. 

The total area occupied by the Devonian rocks in the state of 
Parana is approximately 5,640 square kilometers. In this area the 
Parana series may be divided into two very distinct lithological 
groups: (1) the lower beds, Furnas sandstones, having a superficial 
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Fic. 2.—Devonian area of state of Parand, Brazil. 
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area of approximately 4,220 square kilometers; and (2) the upper beds, 
Ponta Grossa shales, having an approximate area of 1,420 square kilo- 
meters. As shown on the legend of Figure 3, the writer proposed the 
term, “Ponta Grossa formation,” to include both this shale and the 
intercalated Tibagy sandstone. 


PHYSIOGRAPHY 


The topography of the Devonian area may be represented widely 
by the contours of gentle undulation that characterize ancient pene- 
planation (Fig. 4). The rolling plain has an average elevation of goo— 
950 meters, but its eastern margin rises 1,100-1,200 meters, where it 
dominates the region of the crystalline and metamorphic rocks farther 
east by an abrupt, east-facing escarpment, with walls 50-100 meters 
high. This sandstone cuesta has the form of an open arc, concave east- 
ward along its contact with the basement rocks. 

Although it presents the general features of a gently rolling plain, 
characteristic of a complete erosion cycle, the basin of Devonian 
strata shows evident phases of landscape rejuvenation, due to post- 
Devonian epeirogeny. The principal indications of this recent rejuve- 
nation of the Devonian topography are: (1) conspicuous escarpments 
relatively little reduced by erosion, as those formed by the Serra das 
Furnas and its southern continuation, escarpments of Serrinha, and 
the escarpment of Pedra Branca, in Tibagy; (2) long extensions of 
many rivers—such as the Jaguariaiva, Yapé, Tibagy, Pitanguy, and 
others—with very deep U-shaped valleys that cross the area; and 
likewise (3) the many high waterfalls in the courses of these rivers 
and their affluents. Such topographical forms are in complete dis- 
cordance with the general aspect of the plain and the valleys of the 
former river courses which appear in symmetrical and very gentle de- 
pressions. The origin of this duality of the morphologic elements must 
be sought in the structural genetic conditions that resulted in the 
present physiographic form of this part of Parana. 

The extensive basement masses in southern Brazil underwent not- 
able movements of an isostatic character and, contrary to what Wash- 
burne® thinks, these are not directly related to the “folding of the 
Sierra de la Ventana,” since the Argentine Gondwana, with its inter- 
Permian folding, has evidently in no way affected the Parana Basin, 
as can be seen by the vast extensions of nearly horizontal unfolded 
Gondwana strata throughout most of the basin. The beds were dis- 
located vertically, for the most part, due to the diastrophism that 


*C. W. Washburne, “‘Petroleum Geology of the State of Sao Paulo,” Com. Geog. 
Geol. Sao Paulo Bol. 22 (1930). 
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must have accompanied the trap effusions at the end of Triassic or 
Jurassic time.* 

The regional westward dip, common to the Upper Devonian beds 
of the system, with the nearly horizontal position of the cross-bedded 
Furnas sandstones, discordant with the basement rocks, suggest that 
the alteration of the original position of the strata was of uniform 
character and apparently associated with epeirogenic movements. 
From the conformation of the escarpments of the Furnas and of the 
escarpment faults, like Pedra Branca and the Serrinha, it may be de- 
duced that these movements were upward east of the basin and down- 
ward west of the basin. 

The tectonics of the basin can be explained by a process of epeiro- 
genic upthrust of the blocks of the basement and subsequent sinking 
of the coastal mass. Isostatic movements of this character still occur 
and were observed on the present coast of SAo Paulo, Parana, and 
Santa Catharina by the writer and also by I. C. White (1908). Un- 
doubtedly also, Triassic diastrophism considerably affected the basin, 
contributing to the formation of the various escarpments, faults, and 
fractures, as will be seen presently. 


GEOLOGY 
FURNAS SANDSTONE 


As stated before, the basal element of the Parana series, the Furnas 
sandstone, lies in discordance on the phyllites and mica-schists of the 
Asunguy series, which in the various contacts observed have dips of 
70°-80°. Contacts along the Serra das Furnas, on the roads, and along 
the Serra de SAo Joaquim and the Serra de Itayacoca show that the 
Furnas sandstone was deposited transgressively upon a surface deeply 
eroded and peneplaned. 

Known and described by various authors, the Furnas sandstone 
appears in outcrops of great extent, as very uniform coarse sand- 
stones, generally white or slightly yellowish, very hard, and resistant 
to erosion. They are composed of grains of quartz, as large as 1 milli- 
meter in diameter, slightly rounded though some are angular, and 
with abundant kaolinic cement. Very common are pebbles of white 
quartz, flat and round, 10-20 millimeters in diameter, sporadically 
scattered through the mass of sandstone, but most common in the 
lower part of the beds. At the base the pebbles form conglomerates, 
locally in extensive layers. The maximum thickness of the Furnas 
sandstones, as lately observed, is 50-300 meters. In addition to these 


‘Victor Oppenheim, ‘‘Rochas Gondwanicas e Geologia do Petroleo do Brasil 
— Serv. Fom. Prod. Min., Ministerio Agricultura, Bol. 5, Rio de Janeiro 
1934). 
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typical occurrences, the beds appear in some outcrops as fine, friable, 
sandstones with intercalations of small pebbles of the same material. 


Fic. 5.—Escarpment of Furnas sandstones on road to Castro (Paran4). 


An interesting facies of Furnas was observed in various localities, 
as in the Jaguariaiva zone, in Tibagy, and in the Serra de S. Luiz de 
Purunda. Here, within the characteristic beds of sandstone, are inter- 
calations of very micaceous, fine layers of thin shales resembling 
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phyllites, white or yellowish, and rather friable. Such interpositions, 
10-15 centimeters thick, were observed only in the localities cited, 
though presumably they must exist in many other outcrops. 

The analyses of the Furnas sandstone show many traces of mag- 
netite, which explains the red coloration so common in the areas of 
decomposed Furnas sandstone. With the exception of the tubes of 
Arenicolas, worms observed by Derby in the upper beds in Arroyo 
Grande, near Ponta Grossa, no other fossils of any kind are known 
within the formation. In all typical outcrops the Furnas sandstone is 
cross-bedded. 

Origin of Furnas sandstone——The lithologic character of the 
Furnas sandstone rather excludes the idea of eolian origin as might be 
supposed at first sight. The cross-bedded stratification, the con- 
glomeratic composition and interpositions of beds of micaceous shales, 
and the dominantly light—in many places white—color of the sedi- 
ments, considered in relation to the composition of the basement 
rocks, lead to the assumption that these sediments originated as 
estuarine deposits. The shaly interpositions in the sediments corre- 
spond with deposition in quiet water, while the conglomerates, par- 
ticularly at the base of the beds, suggest deposition in swift cur- 
rents. 

These essential characteristics, combined with the complete ab- 
sence of limestone, as well as the lithological aspects of the Furnas, 
may dispose of the supposition that the sandstone had marine origin, 
and suggest that it may have been deposited in coastal lanes or estua- 
ries, as the writer is rather inclined to believe. 

From the genetic point of view, the Furnas sandstone (like its 
homotaxial equivalents in other Lower Devonian areas of South 
America, particularly the Carmen sandstone in Uruguay) is also 
lithologically and stratigraphically identical with the Devonian sand- 
stone of Cape Meredith in the Falkland Islands and with the Table 
Mountain sandstone of Cape Colony, South Africa, which proves 
they were derived from the disintegration of a common basement ma- 
terial. The area of origin of these sediments, so widely scattered, can 
not be located except by supposing some land of high relief, which 
must have existed in the present basin of the Atlantic Ocean. 

As previously pointed out,’ the existence of such a terrestrial area 
is supported by the evidences of glaciation and the westward move- 
ment of glaciers in the eo-Gondwana era of the western hemisphere; 
however, there is nothing more positive and concrete to support these 
tentative ideas. 


5 Victor Oppenheim, of. cit. 
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PONTA GROSSA FORMATION 


Under this term the writer includes the fossiliferous sedimentary 
rocks that Derby and E. Oliveira classified as the ‘Ponta Grossa 
shale” and the “Tibagy sandstone.” Until the present the Tibagy 
sandstone has been considered as an upper horizon, independent of 
the Ponta Grossa shale; in part, such division should be justified by a 
certain faunal difference in the associated species of fossils. However, 
the field observations convince the writer that these sandy beds inter- 
placed in the Ponta Grossa shale proper represent merely local facies 
of the latter. Consequently, the stratigraphic division could not be 
well justified, and the combined beds should carry one name only. The 
writer prefers to conserve the existing nomenclature except for intro- 
ducing the term, “Ponta Grossa formation,” thus giving the notion of 
an inseparable conjunction of the two facies of the same sediments, 
as they appear at Ponta Grossa and Tibagy. 

Besides thi» stratigraphic observation, proved by detailed surveys 
in Tibagy, as is shown hereafter, little can be added to the descriptions 
of the Ponta Grossa shale and the Tibagy sandstone given by O. A. 
Derby and E. Oliveira. 

These very fossiliferous sediments surround the area of Furnas 
sandstone in a strip, approximately 10 kilometers in maximum width 
and 200 kilometers in length, between the confluence of the rivers 
Barra Mansa and Jaguariaiva on the north, and the station of Lago 
south of Ponta Grossa, passing at the most westerly outcrop between 
the town of Tibagy and the escarpment of Pedra Branca. 

The thickness of the formation in the Tibagy zone, between the 
Furnas sandstone at the base and the Permian sediments at the top, 
is about 150 meters. In a boring at S. José de Paranapanema, 92 
meters of Devonian shale and sandstone were penetrated by the drill 
without reaching the base. No Tibagy sandstones were encountered 
in this boring, either at the top or between the shale beds. In Tibagy 
these sandstones do not occupy the upper part of the Ponta Grossa 
formation, as might be supposed from published descriptions; but 
they occur rather in its lower part. 

The structure of the Ponta Grossa formation is characterized by a 
regional dip of 10°—12° W. In addition to numerous intrusive bodies, 
which created local structures in Jaguariaiva and Tibagy, various con- 
tact faults and other planes of dislocation were observed. However, 
there was no evidence of any pronounced individual structures within 
the area of the shales or any vestige of folding or “‘over-thrusting” 
due to tangential forces anywhere in the area, although there are 
domes and structural elevations, the result of intrusive bodies or their 
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ramifications, which, as already mentioned, deeply affected the area. 
Ponta Grossa shale——Across wide areas the Ponta Grossa shale 
appears with essentially identical characteristics, nearly everywhere 


Fic. 6.—Ponta Grossa shales near Jaguariaiva (Paranda). 


consisting of clayey and clayey-sandy shales, micaceous, of medium 
hardness, and, in most places, gray in color. In certain outcrops the 
upper layers are black, carbonaceous, and, in some places, possibly 
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bituminous. At the surface the shales generally are red or yellow from 
lateritization. 

In addition to abundant pyrite, the beds commonly contain con- 
cretions and nodules of limestone, as well as thin intercalated lenses 
of sandstone of the same color as the shale. The Ponta Grossa shale is 
very fossiliferous in many outcrops. The localities, in which were found 
many collections of eo-Devonian marine fossils, are in the neighbor- 
hood of the cities of Ponta Grossa, Jaguariaiva, and Tibagy, from 
which J. M. Clarke classified about 41 genera and 19 species. 

The fossiliferous beds found (in 1935) in the well at S. José de 
Paranapanema, at 471-563 meters, did not furnish any new species, 
except Chonetes falclandicus Moris and Sharpe, whose holotype of the 
Falkland Islands was not previously known in Parana. This species 
was first identified by Aristomenes Duarte among the fossils from the 
boring. 

All the abundant Devonian fauna of Parand was exhaustively 
studied and described by J. M. Clarke.® Also, there are vegetable fos- 
sils in the Ponta Grossa shale discovered by the writer in an excava- 
tion at Bocaina, near Ponta Grossa. 

New plant fossils, previously unobserved or not noted in the litera- 
ture on Devonian rocks of Parana, have been described by the writer 
with photographs and sketches in a communication to the Brazilian 
Academy of Sciences.’ These fossils, although very incomplete, may 
be found in other localities of the zone. They are of singular interest 
in being the first eo-Devonian flora found in southern Brazil and ulti- 
mately they may complete a flora possibly identical with that of the 
Falkland Islands, found and described by Halle and Anderson. 

Tibagy sandstone.—These sandstones are generally of fine texture, 
micaceous, feldspathic, yellowish gray, and compact but friable. Until 
the present, they have been observed at only two places in the Tibagy 
zone—on the left bank of the River Tibagy, close to the town of 
Tibagy, and 6.5 kilometers west of Tibagy, along the road to the Serra 
do Borja, in the stream of SAo Domingos. 

In the first occurrence they form the bank of the river, extending 
along the left (west) bank for a distance of 100-150 meters and dis- 
appearing in the Ponta Grossa shales at the north. On the south their 
contact with the Furnas sandstone is a fault. 

Measured from the surface of the water, the thickness of these 
sandstones is 16.5 meters to which can be added a minimum of 1.5 


6 J. M. Clarke, ‘‘Fosseis devonianos do Paran4,’’ Monographia do Servico Geologic 
e Mineralogico do Brasil (Rio de Janeiro), Vol. I (1913). 


7 Victor Oppenheim, ‘‘Fosseis do Devoniano do Paran4,’’ Annaes Acad. Brasileira 
Sci., Vol. 7, No. 4 (December, 1935). ; 
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meters below the water in the bed of the river. The part above the 
water gave the following column. 


Thickness 
in Meters 
Compact sandstone, yellowish gray, micaceous, very hard............... 2.5 
Fine sandstone, clayey and shaley, micaceous, yellowish, soft.............. 9.0 
Micaceous sandstone, fine, compact, light yellowish, fossiliferous........... 5.0 


Above the last sandstones extends a bed of red and friable laterite, 
25-30 meters thick. A little farther north, on the road to the river 
crossing, as well as far toward the west, are outcrops of typical Ponta 
Grossa shale. The same shale is found in the water wells of the city 
of Tibagy. It occurs also on the right bank of the river and a little 
farther east it is in contact with the Furnas sandstone. 

The Tibagy sandstones, in the locality described, are clearly hori- 
zontal and evidently represent lenticular interpositions within the 
Ponta Grossa shale and at its base. 

The Furnas sandstone which crops out south of the Tibagy sand- 
stones forms the banks of the river and appears in typical form, with 
quartz pebbles and cross-bedding. In the water course of Sao Domingos 
the Tibagy sandstones crop out in the valley of this river, near the 
source, about 500 meters east of the Serra de Sao Borja road. The 
locality, a little below the source of the stream, is particularly fossilif- 
erous; beds with abundant fossils crop out in this place along both 
banks of the stream. These beds are of yellow or gray micaceous 
sandstone, the texture of which varies from fine to medium. The sedi- 
ments are very pyritic and ferruginous and contain several large fossil 
molds in a ferruginous cement. The fossils are found in fine beds, very 
fossiliferous, and alternating with fine layers of non-fossiliferous sand- 
stones. 

The thickness of the Tibagy sandstones in this locality is about 20 
meters. The sandstones in Sao Domingos are at a horizon higher than 
that of the outcrops on the River Tibagy and appear also in the form 
of a lenticular intercalation. They are surrounded and evidently over- 
lain by the Ponta Grossa shale. 

The Ponta Grossa shale extends vertically for approximately 75 
meters above the horizon of the sandstones of Tibagy, reaching 2 
kilometers north of the sandstone outcrop, and at 825 meters eleva- 
tion they come in contact with the glacial sediments of the escarpment 
of “Pedra Branca.” These sediments are evidently Permian in age 
and not Furnas sandstone, as was supposed by Oliveira.® 

Thus we see that the Tibagy sandstones are only local intercala- 


8 E. P. de Oliveira, ‘“‘Geologia e recursos Mineraes do Estado do Paran4,” Servico 
Geol. e. Min. do Brasil, Monographia VI (1927), p. 39. 
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tions in the Ponta Grossa shale and do not occupy the top of the 
formation; on the contrary, as shown by the exact measurement of 
the two and only known outcrops described, their real position is at 
the lowest part of the formation. However, this occurrence is very 
local, not having been observed in other zones of the Devonian basin. 


INTRUSIVES 


Bordering the rocks of the Basement complex on the east and 
surrounded by Gondwana sediments, the Devonian strip of Parana 
was greatly subjected to the same action of the intrusives so character- 
istic of the Gondwana system. These are the various forms of basalt 
and diabase intrusives of the Triassic. 

However, considering that intrusions of basalt are likewise abun- 
dant in the basement rocks, from the Archeozoic to the less metamor- 
phosed Silurian, and consequently are associated with various cycles 
of diastrophism, Laurentian, Huronian, and Caledonian, it may be 
assumed that basic injections associated with that last cycle, continued 
into the Devonian itself. However, effects of tectonic folding were not 
observed in the area. 

Some phase of diastrophism finds it expression in the Devonian 
rocks through the interesting occurrence of a dike of porphyry-syenite, 
which the writer observed at Fortaleza, 18 kilometers east of Tibagy 
and in the middle of the long contact between the Furnas sandstone 
and the Ponta Grossa formation. The outcrop of this rock forms a 
conspicuous local elevation and on its west border it is accompanied 
by a basaltic dike that apparently is younger than the porphyry- 
syenite. The composition of the diabase does not differ from that of 
the basic magmas characteristic of southern Brazil. 

As there is no direct relation between the porphyry-syenite de- 
scribed and the granite-porphyry of the Castro region or the granite 
of Joaquim Murtinho on the east, which forms a great batholith be- 
low the Furnas sandstone without, however, altering the latter, it is 
difficult to show a direct relation between these rocks. We can, never- 
theless, assume that both the granitic intrusions and the syenites per- 
tain to the same Caledonian cycle or to the diastrophism immediately 
subsequent to this cycle. 

The writer here reproduces Djalma Guimaraes’ descriptions of the 
granites mentioned. 

Granitic porphyry, vicinity of Castro, state of Parand.—This is a dark red 
rock with flesh-colored stains. These stains correspond to decomposed pheno- 
crysts of alkaline feldspar. Microscopically they are shown to be composed of 


phenocrysts of quartz and alkaline feldspar, decomposed ferromagnesian 
mineral, and a ground mass of micrographic texture, composed of quartz and 
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feldspar. The feldspar is completely altered and impregnated with red oxide 
of iron. The rock is veined with quartz and from its profound alteration ap- 
pears to have been subjected to hydrothermal action. 

Joaquim Murtinho granite-—This granite is of medium red granulation, 
of the same magma as the porphyry of Castro, and is composed of perthitic 
microcline, quartz, and some albite in isolated crystals, small and corroded. 
It contains violet-colored fluorite in undeveloped crystals. The red color is 
due to an impregnation of iron oxide, the ferromagnesian mineral being com- 
pletely decomposed. 


The syenite of Fortaleza is particularly notable, considering that 
in this region it is generally only to the Silurian rocks that acid intru- 
sions are attributed, and the characteristic Devonian plutonism being 
marked by basic intrusives, as is proved by the numerous intrusions of 
basalt observed in the Devonian rocks of the Amazon and Matto 
Grosso and likewise of Bolivia, North Argentina, and the Falkland 
Islands. 

Comparing the occurrences of the outcrops of basic intrusion in 
the Devonian area proper, it is observed that the Furnas sandstone 
seems to be much less affected than the Ponta Grossa formation, due, 
possibly, to the greater lithological consistency of the Furnas sedi- 
ments. One may note, however, that the Devonian strip seems to be 
relatively less affected by the intrusives and their apophyses than the 
neighboring regions of Gondwana rocks. One need not here describe 
in detail the numerous outcrops of basalt in the area. The principal 
dikes are visible at the surface on any roads of the region. 


AREA BETWEEN CASTRO AND TIBAGY 


The profound reéntrant between the escarpment of the Serra das 
Furnas and that of the Serra de Sao Joaquim, as observed on roads 15 
kilometers west of Pirahy and 20 kilometers southwest of Castro, is 
due essentially to the intense erosion of its valley by the River Yapé, 
which cuts the escarpment by a deep canyon extending from east to 
west across all the area of Furnas sandstone and discharges into the 
River Tibagy, 1.5 kilometers north of the town of the same name. 

The elevated ‘‘monadnocks”’ of the basement rocks, observed in 
front of the Serra de Furnas, west of Pirahy, indicate that the original 
contact of sandstones with the basement did not extend eastward 
much beyond the present limit. 

The great difference in level between the plateau of the Furnas and 
the area of the basement, is due as much to profound erosion as to the 
dislocations. Thus, the strongly inclined phyllites and mica-schists 
of the Assunguy series, which constitute the Basement complex along 
the greatest extent of the contact, are more easily decomposed and 
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destroyed by the erosion than the horizontal, sandy, and highly re- 
sistant Furnas sandstone, creating, in this fashion, many of the escarp- 
ments along the cuesta of the Serra. 

On the road from Castro to Ponta Grossa, the topography of the 
contact between the Assunguy series and the Furnas sandstone is, 
however, a gradual and almost imperceptible slope, as seen at Kilo- 
meter 213, between the stations of Tronco and Carambehy. The 
Furnas sandstone extends from there southward to the left bank of 
the River Pitanguy, where it is in contact with the Ponta Grossa 
formation. 

However, on the Serra de Itayacoca, 25 kilometers west of Ponta 
Grossa, there are very pronounced faults along the contact between 
the Furnas sandstone and the metamorphic rocks. Likewise, on the 
escarpment of the Serrinha in So Luiz de Purun4, to kilometers west 
of Campo Largo, on the road from Curityba, there are vestiges of faults 
and characteristic phases of disintegration and progressive erosion of 
the borders of the escarpment. In long distances the elevation of these 
borders of the escarpment varies from 1,050 to 1,200 meters above sea- 
level, and shows the widespread uniformity of deposition of the 
Furnas sandstone upon a rather even basement floor. 

It is necessary to note that in the contact between the Furnas 
sandstone and the Basement complex, at Kilometer 137 (3 kilometers 
from Joaquim Murtinho), batholiths of granite are observed. The rest 
of the contact of the basement with the Furnas sandstone is composed 
mainly of metamorphic rocks of the Assunguy series. 

The area between the escarpment of the Serra de Furnas and the 
town of Tibagy, 45 kilometers by road west of the town, is an elevated 
plain with the graminaceous vegetation that characterizes the “Cam- 
pos Geraes” of Parana. The plain has an elevation of g50—1,200 meters 
and is crossed by profound canyons of various rivers and their tribu- 
taries. Thus, the canyon of the River Yapé, 20 kilometers east of its 
mouth, is 170 meters deep, cutting through the sandstones of the 
Furnas formation. 

The thickness of the Furnas sandstone in this area is 50-250 
meters, far greater than the thickness heretofore described. 

Approximately 15 kilometers east of Tibagy, the plateau of the 
Campos Geraes begins to descend gradually to the valley of the River 
Tibagy, where the Furnas sandstone of the plateau disappears be- 
neath the Ponta Grossa formation. 


TIBAGY 


This area, studied in detail, is part of the valley of the River 
Tibagy, having as its western limit the escarpment of: Pedra Branca, 
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which includes the abrupt elevations known locally as: Serro Mineiro, 
Serro Sido Lourenco, Serra da Borja, Serra Puxa Nervo, Serra do 
Francez, and Serra da Pedra Branca, the last named being the most 
conspicuous and the most southerly hill along the top of the escarp- 
ment. The eastern limit is formed by the right bank of the River 
Tibagy and the plateau of the Furnas, already described. 

All this area, between the River Tibagy and the escarpment of 
Pedra Branca, is drained by the River Santa Rosa and its principal 
affluents—the Sant’Anna and the Sao Domingos. It is a plain under- 
lain by the shales and sandstones of the Ponta Grossa formation, 
which here appears in its most complete development between the 
subjacent Furnas sandstone in Prainha, in the River Tibagy, and the 
escarpment of Pedra Branca which is composed of sandstones and 
superposed Permian conglomerates. 

The Furnas sandstone in Prainha, on the edge of the River Tibagy 
and in front of the town of the same name, is interstratified with 
lenticular, horizontal beds of phyllites, 20-30 centimeters thick; other 
intercalations in the sandstone are beds of conglomerate with pebbles 
of white or gray quartz, rounded or flattened. This outcrop of the 
Furnas in Tibagy is the most westerly occurrence and, stratigraphi- 
cally, it is the lowest Devonian known in the Parana Basin. 

Farther north the Furnas sandstone is in contact with the Tibagy 
sandstones previously described, and, with the exception of the out- 
crop of the same sandstones of Sao Domingos, all the area as far as the 
escarpment of Pedra Branca is composed of Ponta Grossa shale 
crossed by numerous basalt dikes. 

Up to the contact with the sandstones of Pedra Branca, the great- 
est elevations of this zone do not exceed 860 meters, and only at the 
foot of the cuesta does the land commence to rise sharply, forming 
bluffs which overlook the zone from elevations of 1,000—1,100 meters. 

The shales of the area have predominant westward dip, though in 
various outcrops there are local northwest and southwest dips, due to 
local faults and many intrusive bodies. Faults of vertical displace- 
ment apparently form the escarpment of Pedra Branca. 

The Serra do Mineiro and Sao Lourengo, which constitute the 
northern extremities of the escarpment, are composed of coarse sand- 
stones, friable, yellow or cream-gray in color, and irregular in texture 
—fine to coarse. They are cross-bedded and lie discordantly above the 
Devonian shale. In Séo Lourengo and in Pedra Branca they form 
conspicuous cuestas. 

In the Serra do Borja contact, on the road to Agua Clara, there 
crops out a 5-meter bed of conglomerate with boulders of phyllites, 
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quartz, and granite. This bed forms a transgressive contact over 
the subjacent shale and is overlain by about 15 meters of the yellow- 
ish, coarse sandstone that characterizes all the escarpment. The same 
succession is observed also on the road to Puxa Nervo. 

These beds, approximately 150-250 meters thick, with here and 
there an exposure of glacial boulders, form the higher crests of the 
escarpment with elevations of 1,000-1,100 meters. 

The lithologic character of the sandstones, conglomeratic beds, and 
boulders, indicates that these formations belong to the Itararé series, 
deposited by Permian glaciers. In some outcrops the sandstones are 
very similar to those of the Furnas, with which they can be confused 
by an observer not familiar with the region. Thus, the writer observed 
erosional remnants of these rocks in Fortaleza, on the road to Ven- 
tania, where they occur capping the Furnas sandstones at an eleva- 
tion of about 1,100 meters. This occurrence is local and proves that 
the sediments of Pedra Branca once extended much farther east. 

The escarpment terminates in a narrow, southern extension called 
Serra da Pedra Branca from which the name of the whole escarpment 
is derived. 

Having originated apparently by a series of faults, the escarpment 
was intensely eroded by the River Tibagy and its affluents, forming at 
the present time various profound reéntrants and ramifications .to- 
ward the west, near the Serra do Francez, Puxa Nervo, and at other 
places. One of these faults, clearly visible, can be observed 2 kilo- 
meters from the River Santa Rosa, near the road to Queimados. It 
may be traced 150 meters north and south, the east side having been 
downthrown vertically. 

At some contacts of the Devonian shales with the sandstones of 
the escarpment, as in the Corrego de Sant’Anna, the shales are much 
disturbed and tilted, indicating clearly the action of the faults, despite 
the fact that erosion has leveled their original scarps. Various faults 
are exposed on the east flank of the Serra do Francez. On the inner 
escarpment of this hill the faults trend east and west and have a small, 
but very clear, vertical displacement. 

The Permian beds of the escarpment dip 6°-8° W., passing under 
a high plain which has an aspect characteristic of the Gondwana 
areas. In numerous water courses of this region, there are outcrops of 
grayish or yellowish sandstones with sporadic glacial boulders of 
sandstone or quartzite and many outcrops of intrusive bodies. 

In the Agua Clara zone, about 25 kilometers west of Tibagy, a con- 
spicuous elevation known as Morumby extends plainly north and 
south, the uplift having a crest and flanks that are symmetrical and 
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quite abrupt, and reaches an elevation of 1,300 meters (aneroid). It 
gives the impression of being a well formed anticline. The elevation, 
however, is a southerly continuation of a series of laccoliths which 
extend northwest and southeast across the region for more than 
100 kilometers, passing northwest of Queimados and west of Mon- 
jolinho as the Serra de Ferreirinha. Farther south the uplift takes the 
name of Serra do Facao, which with successive ranges dominates the 
region. 

The position and character of this laccolith uplift, as well as its 
extension parallel with the escarpment of the Serra da Béa Esperanga, 
may indicate a zone of regional fractures in the Gondwana, suggesting 
a possible relation to the origin of the basaltic trap effusions of the 
Serra Geral farther west, which must have originated from a succes- 
sion of effusions through great fractures in the Basement complex, 
possibly of a type related to the described laccoliths. 

The common north and south trend of the regional uplifts, both 
of the Serra do Facio and the Ferreirinha on the one side, and of the 
faults of the Serra das Furnas, Serra da Pedra Branca and Serrinha, 
on the other, may indicate old lines of regional weaknesses—in the 
case of the Serra do Facio, it indicates fractures filled by basalt for a 
long distance parallel with the Serra Geral. 


CORRELATION OF DEVONIAN AREA OF PARANA, WITH AREAS 
OF AMAZON, MATTO GROSSO, GOYAZ, URUGUAY, 
AND PARAGUAY 


The great synclinal depression of the River Parand shows, in its 
four extremities, isolated outcrops of eo-Devonian rocks with Lepto- 
coelia flabelites. . 

Having described the eastern area in the state of Parand, the writer 
now will sketch the known Devonian north, west, and south of the 
basin. The areas of Goyaz, Paraguay, and Uruguay were discovered 
recently and as yet have not furnished the data necessary for a com- 
plete, comparative stratigraphical study. However, comparison and 
analysis of the essential stratigraphical and lithological characteristics 
so far as known may help elucidate such important questions as the 
genesis of the Parana Basin, as well as the character of the Devonian 
sedimentation in this large part of the continent. 


LOWER AMAZON VALLEY 


Fossiliferous Devonian rocks are known at longitude, approxi- 
mately 51°-59° W. (Greenwich) and latitude 5°-10° S., where they 
occupy two narrow strips along the lower Amazon River. The northern 
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strip is continuous, trending plainly east and west, but the southern 
strip is interrupted by outcrops of other rocks, presumably Devonian, 
in the valley of the Xingi River, in the headwaters of the Uruara 
River, and in the valley of the Tapajéz River. Devonian fossils were 
encountered, however, only at Ereré, northwest of Monte Alegre, and 
in the rivers Maecurt and Curué, northern affluents of the Amazon. 
In all the other areas considered Devonian, fossils were not encount- 
ered and their classification as Devonian is based on lithologic and 
stratigraphic characteristics. The fauna of Ereré, Maecurt, and Curua, 
all in the state of Amazonas, was carefully studied by Hartt, Rathbun, 
Derby, Clarke, and Katzer. 

Diverging from the other Devonian areas in the southern part of 
the continent, the Devonian of the Amazon reveals a faunal range 
from early Devonian of clearly northern type to mid-Devonian. 

The beds of the Maecuri, according to the previously mentioned 
authors, especially Clarke, are of eo-Devonian age and are related to 
the sandstones of Curud, which represent only one of the faunal facies 
of Maecuri, that can be associated with the Helderberg and Oriskany 
formations of New York. 

According to Clarke, the sandstones of Ereré are evidently of the 
mid-Devonian age and can well be correlated with the Onondaga- 
Hamilton of New York. Classified by one as well acquainted with the 
southern Devonian fauna as Clarke, this sub-division hardly leaves 
any doubt. However, F. Katzer, in his work on the geology of the Am- 
azon expresses the opinion that there are no paleontological or strati- 
graphical differences between the beds of Maecuri and those of Ereré 
and that the two are of the same eo-Devonian age. Clarke, in his work, 
“‘Fosseis devonianos do Parana,” points out, with justice, that there 
is not sufficient proof for such deduction. Studies later than that date 
(1913), which would alter this conception, have not been made yet 
and, at present, Clarke’s division and correlation of the strata gener- 
ally are accepted. 

DuToit, furthermore, shows that the beds of Ereré are related not 
only to the mid-Devonian of the United States, but have a faunal 
affinity also with the beds of Sica-Sica, Bolivia, through forms like 
Tropidolephus carinatus and Homalonotus dekaye. 

Katzer, who considers the beds of Ereré more fully developed than 
those of the Maecuri, estimates that the regional dip of the upper 
beds is discordant with that of the beds of the Maecuri, which dip 
southwest. 

In this area it is possible that the local dips of the sedimentary 
rocks could have been produced by the many intrusive dikes. The 
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stratigraphic position and the faunal characteristics of the Amazon 
Devonian suggest a mid-Devonian marine transgression, which trans- 
planted northern Devonian forms to the southern regions. They sug- 
gest also that faunal development continued after the transgression, 
when the southern regions had been isolated from the northern Devon- 
ian species, but the transgression extended rather in the direction of 
Bolivia and was not general. 


MATTO GROSSO 

Devonian rocks are known in Matto Grosso, northeast of Cuyabé, 
in a strip included between Sant’Anna da Chapada and Lagoinhas in 
the direction of Diamantino. The area now known extends about 
250 kilometers northwest and southeast and its greatest width, south- 
east of Cuyab4, is 100 kilometers. 

This occurrence was first studied by O. A. Derby, L. von Ammon, 
and H. Smith and is known as the Series da Chapada and as the Matto 
Grosso series. It lies on metamorphic rocks and is composed of a basal 
conglomerate overlain by red sandstone, coarse near the base, the 
total thickness being about 500 meters, according to the observations 
of Derby, Leme, and others. The red sandstones are covered by 
fossiliferous shale with sandy intercalations—approximately 50 
meters thick—which correspond stratigraphically with the Ponta 
Grossa formation in Paran4. 

The fauna of the shale, studied by Clarke, shows an affinity with 
that of Parana and, in a lesser degree, with that of eastern Bolivia. 
On the other hand, the presence of Phacops brasilensis, among the 
species of trilobites found, suggests faunal affinity with the northern 
Devonian and especially with that of the Amazon, which is explained 
by the geographical position of the basin of the Chapada of Matto 
Grosso, midway between the Devonian of Amazonas and that of 
Parana. To this may be attributed the intercalations of northern 
Devonian species in a typically southern fauna and also the inter- 
mediate character of the sediments. 

The basal sandstones of the series may be compared with the Fur- 
nas sandstone of Parand, but the degree of similarity is much less 
than that between the known equivalents of the Furnas that lie on 
the east and south sides of the Parana Basin. 


GOYAZ 
A small area with Devonian fossils (Dalmanites) was discovered 
20 kilometers north of the city of Rio Bonito in the state of Goyas 
and mentioned by Baker.® This locality, however, has not been studied 
°C. L. Baker, Jour. Geol., Vol. 31 (1923), pp. 66-69. 
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thoroughly and no further details are known. An exploratory trip to 
that region, taken by A. Ericksen at the end of 1935, confirmed the 
rather wide extent of the Devonian sediments. 


URUGUAY 


The area of the Devonian in Uruguay is a narrow strip south of the 
valley of the River Negro, between Arrow Cordobas (east of the De- 
partment of Durazno, limited by Cerro Largo) and Carmen farther 
south. Characteristic Devonian fossils were discovered by E. Terra 
Arrocena, in 1926, in a well at Rincon de Alonso. 

In 1934, in a voyage of study to Uruguay, the writer recognized as 
Devonian the white, coarse sandstone of Carmen, which he considers 
absolutely identical with the Furnas sandstone of Parand, already 
described. More than 4o different species of Devonian fossils were 
recently recognized in shale from a series of drillings in that area. 

The Devonian basin of Uruguay, as in Parana, Brazil, is sur- 
rounded by an area of metamorphic basement rocks, which border 
the sediments farther south. North of the area, drillings, as in Jaguary 
and Passo Boracho, proved that the Devonian area does not extend 
northward below the Gondwana beds, which lie here directly above 
the basement. 

The fact, according to Terra Arrocena, that the Devonian does not 
likewise occur in the boring at Rincon del Bonete, west of the strip, 
where, presumably Devonian beds might exist, is very significant and 
indicates that these sediments in Uruguay had an element of isolated 
discontinuous deposition. 

The fossiliferous shales, like those of the subjacent Carmen sand- 
stone, have a surprising similarity to the corresponding beds in the 
state of Parana, Brazil, from which they can not be distinguished. In 
a personal letter, of February, 1935, Terra Arrocena stated that 
above the Carmensandstone he recently found shale with Orbiculoidea 
and Leptocoelia, which definitely proved the Devonian age of the 
Carmen sandstone. 

In the drillings, the shale reaches a thickness of 150 meters, which 
corresponds with that of the Ponta Grossa formation. The Carmen 
sandstone, in a well in this locality, is too meters thick between the 
top of the sandstone and the metamorphic basement. Because of 
erosion, the original thickness of the sandstone possibly may have 
been greater, unless the outcrop lies at an edge of deposition. 

The fauna of the shales not only permits their paleogeographic 
correlation with the eo-Devonian of Parand, Brazil, and other south- 
ern areas, but also, since it includes species of the mid-Devonian 
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(Hamilton), it permits correlation with the Sica-Sica beds of Bolivia 
and the Ereré beds of the Amazon Valley. Thus, in certain faunal 
aspects, the Devonian shales of Uruguay differ from the Ponta 
Grossa formation in Parana and show a marine transgression of the 
later mid-Devonian, which is known in Paraguay but not in Paranda. 

However, the positive lithological resemblance of the sediments of 
Uruguay and those of Parana prove the identity of conditions of de- 
position in the two areas, although greatly separated from each other. 
On the other hand, the faunal characteristics, somewhat different 
between the Devonian of Paraguay and Matto Grosso and the 
Devonian of Uruguay and Parana, and the lithological divergencies 
between the two former and the two later areas, show that they are 
not a continuation of the same sedimentary horizon, but rather are 
areas of more or less isolated deposition, which could have been sep- 
arated by a few uplifts. 


PARAGUAY 


The Devonian area in Paraguay was first known through a small 
collection of typical Devonian fossils, including, Leptocoelia flabelites 
Conrad, Calmonia subseciva Clarke, and Tentaculites crotalinus 
Salter. These were described by Beder and Windhausen in 1918, who 
collected them about 60 or 80 kilometers northeast of Assuncién, north 
of the River Piribebuy, in the Cerro Aparipi and near Arroyos y 
Esteros. 

The northern limit of this patch of Devonian is not well known, 
but its area appears to be small. Farther south, the Devonian area 
narrows and disappears under extensive beds of sandstone and basalt 
of the Triassic Sio Bento series, which occupies southern Paraguay, 
where it lies directly on the basement rocks; no intervening Devonian 
rocks have been observed up to the present time. 

In the localities described by Beder and Windhausen, the Devon- 
ian series is formed by clay-shales, white, grayish or yellowish, with 
layers of secondary limonitic rock and micaceous sandstone. The 
thickness of the shale group is estimated at 20 meters. Superimposed 
on it appear beds of medium-grained sandstone, micaceous, and red 
in color. All the beds of the series are horizontal and probably exceed 
7° meters in thickness. Beder subdivides them into the Aparipi shales 
and clays at the base, and the Arroyos y Esteros sandstone at the top. 

The presence of Tropidoleptus carinatus Conrad, a characteristic 
fossil of the beds of Huamampampa of Bolivia, which the sandstones 
of Arroyos y Esteros resemble in lithologic character, indicates the 
mid-Devonian age of the sediments. Hence, the horizon is higher than, 
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and distinct from, the eo-Devonian of Parana, about 700 kilometers 
farther east. 

One can see, therefore, the relation of the Devonian of Paraguay, 
with its evident incursions of northern species such as Phacops brasil- 
ensis from Matto Grosso, to the Devonian of the Amazon, and to beds 
of the same age in Bolivia, as shown by DuToit. 

All these sediments are not only paleonto!logically somewhat dis- 
tinct, but also petrographically rather different from the Devonian 
sediments of Parana and all those east of the basin. It is surprising, 
however, to note the lithologic similarity, even to the smallest detail, 
of the Devonian sediments of Parana to those of Uruguay, the 
Falkland Islands, and South Africa, according to all published de- 
scriptions; although just on the other side of the Parana Basin, across 
the relatively short distance of 700 kilometers, these lithologic analo- 
gies almost disappear, leaving in their place, as in Paraguay, merely 
the paleogeographical relations common to all the Devonian of this 
hemisphere. 


GENETIC CONSIDERATIONS 


The characteristics of the Devonian sediments of Parana, as well 
as the correlation of the Devonian outcrops that surround the Parana 
Basin and which were not all known at the time of Clarke’s study, sug- 
gest a paleogeographical distribution somewhat different from that 
inferred by some authors who believe that the beds extend beneath 
the Gondwana rocks of the Parana Basin. As a matter of fact, as 
previously mentioned, there are certain faunal and lithologic differ- 
ences between the Devonian outcrops east and those west of the basin. 
The Parana Devonian, in spite of being geographically nearer to 
Paraguay than to Uruguay, is, nevertheless, in lithologic character 
identical with the latter and very different from the former. The 
same lithological identity holds with the Devonian of the Falkland 
Islands, much farther south. 

On the other hand, small but very significant faunal differences 
suggest that the sea which deposited the fossiliferous sediments of the 
Ponta Grossa formation in Parana and Uruguay did not extend west- 
ward across the whole basin of the Parana. This epicontinental sea 
was shallow, since all the marine sediments of this part of South 
America are rather thin and were deposited perhaps in great lagoons 
of salt water, periodically connected with each other, but usually 
separated by terrestrial elevations. Apparently, such elevated land did 
exist in the present area of the Parana Basin, separating the Devonian 
sea of Matto Grosso and Paraguay from that of Parana. However, 
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the indirect connection that permitted inter-migration of the char- 
acteristic species common to all the Devonian areas of America, 
might have been through Uruguay, thus surrounding the supposed 
land uplift in the present depression of Paranda. This hypothesis con- 
firms the formation of the basin of Parand in the epoch of intense 
diastrophism and Triassic effusions, which followed the epeirogenic 
sinking of the Basement complex which created the great graben of 
the Parana Basin. This tentative reconstruction, although hypothet- 
ical, nevertheless, explains the paleontological and lithological differ- 
ences between the two Devonian areas relatively close to each other, 
east and west of the present basin. 

An important factor in favor of the thesis of deposition of the 
Parana Devonian in probably discontinuous lakes is found also in the 
results of the various borings made north and west of the Devonian in 
Uruguay. In most of the test wells basement rocks were encountered 
immediately below the Gondwana cap, thus confirming the inter- 
rupted deposition of the Devonian. 

Concluding this attempt to reconstruct the eo-Devonian paleo- 
geography of the Parana Basin, we must infer that there are many 
elements indicating that the present basin of Parana probably was an 
elevated land at that time, possibly a continuation of present some- 
what similar low uplifts in Minas Geraes and Goyas, and that these 
sank during the Triassic diastrophism. Considering the preceding cor- 
relation of the new Devonian areas, one is not quite justified in sup- 
posing that the basin persisted as a synclinal depression from eo- 
Paleozoic to the present time. Proof of this idea would be aided by 
drilling deep test wells west of the area of Devonian exposed in 
Parana. 

As to the thickness of the Devonian sediments below the Gondwana 
rocks, the correlation table given here shows that in none of the 
known areas of this southern continent, do the Devonian sediments 
reach a thickness of 1,000 meters. 

In the basin of the Parana, we can presume that the thicknesses 
are hardly greater than 500 meters, including both the fossiliferous 
shales at the top of the Devonian and the much thicker barren sand- 
stones at the base. However, test borings west of the Rio Parana cer- 
tainly would help solve many problems and be of great interest. 
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SUMMARY OF RECENT FOREIGN LITERATURE ON 
THE PROBLEM OF PETROLEUM GENERATION! 


PARKER D. TRASK? 
Washington, D. C. 


In connection with studies of source beds the writer has had occa- 
sion to go through much of the recent foreign literature relating to 
the problem of petroleum generation, and particularly to source beds. 
A large part of this information is in publications that are not readily 
accessible to members of the Association, and it seems worth while 
to present an annotated bibliography of some articles which might be 
of interest. 

This bibliography is part of a paper entitled “The Problem of 
Petroleum Generation,” which was presented before the Association 
in Wichita, March 22, 1935, and which was intended for publication 
in the Bulletin. In articles written since the completion of the first 
draft of the paper in May, 1935, the writer has referred to it as being 
printed in Volume 20 of the Bulletin of the Association. The original 
paper on the foregoing subject, however, was so long that it was desir- 
able to split it into three articles: (1) “The Proportion of Organic Mat- 
ter Transformed into Petroleum in the Santa Fe Springs Field, Cali- 
fornia,’”’ which was published in the Bulletin last March (Vol. 20, 
1936, pp. 245-57); (2) “Inferences about the Origin of Oil as Indi- 
cated by the Composition of the Organic Constituents of Sediments,” 
which is now being published by the United States Geological Sur- 
vey as Professional Paper 186 H; and (3) the present paper. 


BIBLIOGRAPHY 


Bert, E., ‘The Artificial Formation of Substances Similar to Bituminous 
Coal and Petroleum,” Proc. Third Intern. Conference on Bit. Coal, Pitts- 
burgh (1931). 

“Uber die Entstehung von Kohle, Erdél und Asphalt,” Montanis- 

tische Rundschau (Wien), Jahrg. 24, No. 19 (October 1, 1932). 

“Origin of Asphalt, Oil, Natural Gas, and Bituminous Coal,” Science 

(Lancaster, Pennsylvania), Vol. 80 (1934), pp. 227-8. 


Progressive depolymerization, dehydration, and subsequent poly- 
merization of cellulose under the influence of heat yields bituminous 
substances which in turn may make crude oil, or first asphalt and then 
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crude oil. Bituminous substances can be made in the laboratory more 
readily from cellulose than from lignin. Consequently cellulose is post- 
ulated as a main source of petroleum. 


Berz, K. C., ‘““Natur und Bildungsweise der marinen Eisensilkate,’”’ Fort- 

schrift d. Geol. u. Paleon. (Berlin), Bd. 3, Heft 11 (1926), pp. 366-520. 

A good discussion of the effect of oxidation on the organic content 
of sediments. Bottom currents inhibit the deposition of organic mat- 
ter. If sufficient oxygen is present, all organic matter is decomposed. 
In oceanic sediments last stages of decomposition are anaerobic, as is 
indicated by the loss in sulphate with depth in marine deposits. 


Bievcap, H., “Food and Conditions of Nourishment Among the Com- 
munities of Invertebrate Animals on or in the Sea Bottom in Danish 
Waters,” Rept. Danish Biol. Stat., Vol. 22 (1915), pp. 41-78. 

Author emphasizes that fishes and bottom organisms in Danish 
waters feed upon plant food, mainly Zostera. The nitrogen content of 
the faeces of all invertebrates examined is relatively high, though less 
than in the contents of the stomachs of the organisms. Evidently a 
significant proportion of the nitrogen content of sediments is unas- 
similable by the organisms inhabiting the sea bottom. 


Buoescu, E., “Olmuttergesteine und Olmigration,” Intern. Zeitschr. f. Bohr- 

technik, etc. (Wien), Jahrg. 40, No. 4 (February 15, 1932), pp. 31-3. 

A remarkably keen and concise analysis of the problem of origin 
and migration of oil. Author points out difficulty oil has in migrating 
from one layer to another, particularly if intervening shales are pres- 
ent. Thus a general source of petroleum seems much more plausible 
than a single source, as postulated by Krejci-Graf. Black or dark color 
presumably is a favorable indication of source beds, but not neces- 
sarily as oil probably is formed from some light-colored beds. Alter- 
nating beds of sandstone and shale aid migration. 


Brooks, B. T., ““The Chemical Evidence for the Low Temperature History of 
Petroleum,” Jour. Inst. Petrol. Tech. (London), Vol. 20 (1934), pp. 


177-205. 

Author emphasizes that satisfactory theories of origin of petroleum 
must explain composition of petroleum and natural gas. Distillation 
theories are inadequate, as distillates of organic matter are rich in un- 
saturated compounds and in gases that contain much hydrogen and 
carbon monoxide. Petroleum consists essentially of saturated com- 
pounds, and the gases associated with it are notably free of hydrogen 
and carbon monoxide. Crude oil contains heat-unstable nitrogen and 
sulphur compounds, which are destroyed at temperatures needed to 
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produce oil by destructive distillation. Fuller’s earth assists poly- 
merization. Pressure probably has little influence on the generation 
of petroleum. Presence of five-membered ring compounds suggests 
origin from pentoses. Author is inclined toward a bacterial origin of 
petroleum. 


CrarkKE, E., “Organic Theories of Oil Origin,” Jour. Inst. Petrol. Tech. 
(London), Vol. 12 (1926), pp. 257-87. 

A concise and rational summary of existing theories of origin of 
oil. Author exphasizes need for more knowledge about composition of 
source beds. He favors a moderately rich source, preferably marine, 
and believes oil is formed at relatively low temperature from organic 
compounds that resist decomposition. 


Frece, K., “Ubersicht iiber das Vorkommen der Erdéle, Erdgase, und 
Asphalte in Deutschland,” Kali (Halle—Saale), Bd. 28 (1934), pp. 183- 
90, 200-3, 215-8, 220-9, 242-4. 
A summary of the occurrence of oil, gas, and asphalt in Germany. 
Contains a comprehensive bibliography of 300 titles. 


FRIEDWALD, M., “‘El Estudio Actual de la Sintesis de los Petréleos,”’ Petréleos 
y Minas (Buenos Aires), Afio 14 (November, 1934), pp. 8-13. 
A good reveiw of the synthesis of hydrocarbons from organic sub- 
stances, particularly coals. 


Gran, H. H., “On the Conditions for the Production of Plankton in the Sea,” 

Cons. Perm. Expl. Mer., Rap. et Proc.-Verb., Vol. 75 (1931), pp. 37-46. 

The growth of plankton in the sea depends on certain limiting fac- 
tors, such as sunlight, salinity, and content of inorganic nutrients. 
Nitrates and phosphates have long been recognized as essential foods, 
but in some areas where adequate quantities of these nutrients are 
present, the plankton is very meager, and it is evident that some other 
substances, possibly iron or manganese, are required for the develop- 
ment of the plankton. Author thinks the prevalence of plankton in 
coastal waters points to a terrigenous derivation of some of these un- 
known requisite nutrients. 


Hackrorp, J. E., “The Chemistry of the Conversion of Algae into Bitumen 
and Petroleum and of the Fucosite-Petroleum Cycle,”’ Jour. Inst. Petrol. 
Tech. (London), Vol. 18 (1932), pp. 74-123. 

Treatment of algal material (seaweed) successively with alkali, 
water, and acid, gave among other things oily substances having some 
of the characteristics of hydrocarbons present in petroleum. Similar 
treatment of petroleum and material from seeps gave some products, 
such as pentoses and tertiary amines, which likewise were recovered 
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from seaweed. Because of this similarity between some of the decom- 
position products of algae and the organic constituents of sediments 
associated with petroleum, a hypothesis of origin of oil from algae 
is proposed. However, the paper is primarily a qualitative rather 
than a quantitative treatment of the subject. It does not necessarily 
follow that because similar treatment of two substances yields some 
similar materials, the two substances had a common origin or that 
one was derived from the other. 


Harvey, H. W., Biological Chemistry and Physics of Sea Water, Macmillan 
Company, London (1928), pp. 1-194. 


A concise treatment of modern concepts of oceanography. 


Hecat, F., ‘““Der chemische Einfluss organischer Zersetzungsstoffe auf das 
Benthose, dargelegt- an Untersuchungen mit marinen Polychaeten, 
insbesondere Arenicola Marina, L.,”’ Senckenbergiana (Frankfurt, a.M.), 
Bd. 14 (1932), pp. 199-210. 

Author placed polychete worms in some sediment in an aquarium 
and observed their activity as the oxygen supply in the water overly- 
ing the sediment decreased. The worms showed no diminution in 
activity until all the oxygen was used up and they continued to live 
for several days after hydrogen sulphide was in the water. During 
the time that the oxygen content of the water was decreasing, iron 
sulphide was forming in the sediments in which the worms lived. 
Hence the presence of iron sulphide in sediments is not incompatible 
with life. 


——, “Der Verbleib der organischen Substanz der Tiere bei Meerische Ein- 
bettung,”’ Senckenbergiana (Frankfurt, a.M.), Bd. 15 (1933), pp. 165- 
249. 

A comprehensive study of the decomposition of various types of 
animal substances, such as beef, codfish, shark, and eel, in water or 
in muds at different depths beneath the surface. In water, decomposi- 
tion is practically complete in presence of oxygen. In muds the de- 
composing processes are largely anaerobic and the deeper the flesh is 
buried in the mud, the more slowly it breaks down. Proteins decom- 
pose comparatively rapidly in presence of oxygen, and author ques- 
tions whether or not proteins can resist decomposition to any appreci- 
able extent before they are buried. Fats, on the other hand, are less 
susceptible to decomposition, particularly anaerobic decomposition. 
In fact quantitative data are presented to show that the fat content of 
sediments had not diminished appreciably over considerable time. The 
author, however, uses this evidence to support the concept that fatty 
acids were not formed from proteins by anaerobic decomposition. In 
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one of his experiments a shark was buried in some sandy sediments and 
in the course of a few years some of the fatty constituents had migrated 
out of the remains of the carcass into adjoining sands. In fact, sand 
adjacent to the shark contained 11 per cent fat. The salt content of 
water in sediments is 50 per cent greater than in the overlying water. 
This increase in salt is ascribed to salt released during decomposition 
of organic matter. 


Hume, K.., “Befindet sich das Erdél in Olsande stets auf sekundarer Lager- 
stitten,” Centralbl. f. Min. (Stuttgart), Jahrg. 1925, Abt. B (1925), pp. 
161-5, 193-9. 

Author points out that oil in the sands does not necessarily have 
to be derived from adjoining shales. In some places it may originate 
in the sandy zones themselves. 


JENSEN, P. B., “Studies Concerning the Organic Matter of the Sea Bottom,” 

Report of Danish Biol. Sta., Vol. 22 (1915), pp. 1-39. 

The paper contains many basic data on organic constituents of 
recent sediments. As Zostera (eel grass) decomposes, the ratio of car- 
bon to nitrogen first increases and then decreases. This seems to in- 
dicate that the easily decomposable proteins are destroyed first, but 
that subsequently the non-nitrogenous compounds decompose more 
rapidly than nitrogenous compounds. The carbon-nitrogen ratio in 
greatly altered Zostera is about 25; in the excrement of oysters which 
presumably feed upon these decomposed Zostera fragments, the ratio 
is about 11. Thus, presumably the oyster is able to digest residual non- 
nitrogenous compounds more readily than nitrogenous compounds. 
Pancrease, an enzyme, when added to Zostera in various stages of al- 
teration, decomposes about 25 per cent of the nitrogenous compounds 
in living Zostera, about 7 per cent in recently dead Zostera, but none 
in disintegrated Zostera, and practically none in ‘the highly decom- 
posed black Zostera fragments. Similarly, about 1 per cent of the 
nitrogenous constituents of the brown upper layers in the sediments 
is decomposed by pancrease, but in darker layers a few centimeters 
beneath the surface of the deposits less than 0.01 per cent is decom- 
posed by pancrease. The nitrogenous constituents of sediments there- 
fore are mainly resistant compounds. 


Ketty, M. E., “The Origin and Environment of Petroleum. Source Sedi- 
ments,” Jour. Inst. Petrol. Tech. (London), Vol. 19 (1933), pp. 117-41. 
The paper is based on a review of the literature. Author emphasizes 

quick burial, poisoned water, rapid accumulation of organic matter, 

reducing environment, and the presence of organic compounds that 
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can not be attacked by bacteria. Author believes absorption of organic 
matter by colloids is an influential factor in formation of oil. 


Kuincner, F. E., “Untersuchungen iiber einige stochastische Zusammen- 
hinge bei tonigen Sedimente,’’ Neues Jahrbuch (Stuttgart), Beil. Bd. 69, 
Abt. A (1934), pp. 5-41. 

A statistical study of the relation of the calcium carbonate content 
of some Miocene shales to the hydrogen-ion concentration and sodium 
content. The relationships observed (namely, coefficients of correla- 
tion) in general were not close and were attended by relatively high 
probable errors. Paper is stimulating in that it suggests that studies of 
the hydrogen-ion concentration of sediments, especially before and 
after boiling the sediment, may aid the study of source beds. 


Krejci-GraFr, K., “Die-Ruminische Erdéllagerstitten,”’ Schrift. Gebiet 

Brennstoff-Geologie, Heft 1 (1929), pp. 1-140. 

The paper is mainly an exposition of the geology of the oil fields 
of Roumania, with a detailed discussion of the source beds. Author 
thinks the Cornu shale of Oligocene age is the main source of the many 
oil horizons, which are of Miocene and Pliocene age and which are 
found in many different types of sediments varying in origin from 
supersaline to continental. Structure is the dominant control of oil, 
and the region has very complicated structure, consisting of over- 
thrusts, diapir folds, and simple anticlines and synclines. All sedi- 
ments except the Cornu shales and their stratigraphic equivalents 
contain too little organic matter to be source beds. The Cornu shales 
are dark, contain pyrite, and are devoid of remains of benthonic or 
bottom-living organisms. 


, “Grundfragen der Olgeologie,”” Schrift. Gebiet Brennstoff-Geologie, 

Heft 4 (1930), pp. 1-179. 

The paper contains excellent bibliography of 373 titles, and is a 
comprehensive study of the origin of oil with special reference to 
Roumanian fields. Only sediments that contain much organic matter, 
like the deposits of the Black Sea, can be source beds. Organic matter, 
on being transformed to oil, first becomes adsorbed by the inorganic 
constituents and no petroleum is formed unless an excess of organic 
matter over that which may be adsorbed is present. Rich accumula- 
tions of this type can be formed only in a poisonous environment in 
which no benthonic organisms, other than bacteria, live. The Flysch, 
which is a series of alternating sands and shales in which abundant 
evidence of benthonic organisms is present, is not a source bed. Mi- 
gration is effected by means of fissures. Lateral migration is a minor 
factor because of lenticular nature of sands and the tendency of shaly 
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particles to adsorb the heavier constituents of petroleum. The salt 
water associated with petroleum is not connate water. Its content of 
salt to a considerable extent is influenced by salts released from the 
protoplasm of plants and animals at time of decomposition. Plenti- 
fulness of iodine in oil-field waters supports this concept. Plankton 
is the main source of oil. Asphalt oils are formed from paraffine oils 
and tend to increase in density upward due to increased oxidation as 
surface of ground is approached. Paraffine oils decrease in density up- 
ward because heavier constituents are filtered out as the oil migrates. 


, “Olgeologie als Grundlage einer methodischen Lagerstitten-Suche,”’ 

Neues Jahrb. f. Min. etc. (Stuttgart), Beil. Bd. 73 (1934), pp. 165-210. 

In this paper the author modifies his ideas in accordance with 
recent publications, of which he gives a good bibliography. However, 
he still adheres to a very rich organic content as essential for genera- 
tion of oil. He cites sediments of the Black Sea, which contain 23-35 
per cent organic matter, as the only types of recent sediments that 
are analogous to source beds in the past. He believes, but gives no 
evidence, that about 50 per cent of the organic content of the source 
bed disappears in the formation of oil. During compaction excess 
fluid is squeezed out, but this must happen early, otherwise it would 
have difficulty in escaping. He still adheres to migration through 
fissures. Plankton is the main source of oil. Polymerization plays in- 
fluential réle in oil generation. Oil is not formed unless there is excess 
of organic matter above that which is absorbed. Typical oil shales are 
of continental origin and though the structural relations may be 
favorable, do not yield oil fields. Migration of oil is essentially vertical 
and oil accumulates in the form of a cone with apex pointing upward. 
Oil has little relation to area of drainage. Author cites Roumania and 
its complicated orogeny as illustration of this point. Says Roumanian 
oils do not decrease in density with depth, as required by Barton’s 
hypothesis. (However, the Roumanian oils do change from asphaltic 
to paraffinic base with depth.) 


, “Einteilung der Ollagerstitten,” Kali (Halle—Saale), Jahrg. 28 

(1934), P- 7- 

An attempt to classify oil fields according to whether the sediments 
associated with them were deposited on continental shelves or in 
foredeeps. Author postulates greater influence of orogeny on genera- 
tion of oil from fore-deep deposits and lesser influence of orogeny for 
the continental shelf deposits. The oil fields of-Roumania belong to 
the fore-deep type, and the Mid-Continent fields to the continental 
shelf type. 
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, “Zur Geochemie der Naturgase,” Kali (Halle—Saale), Jahrg. 28 
(1934), PP. 249-52, 261-5, 275-8, 287-90. 

A compilation of the composition of 1o5 different natural gases in 
many parts of the world. Hydrogen is rarely found in natural gases 
except in those from a few volcanic regions and from some German salt 
mines. In the latter it may be as high as go per cent of the gas. Carbon 
monoxide and unsaturated gases are present in very minor amounts in 
natural gases. Some volcanic gases, however, contain as much as 5 per 
cent carbon monoxide. Methane is found in varying amounts in 
nearly all types of gases. Ethane, propane, and butane are generally 
associated with gases from oil fields. The content of carbon dioxide 
increases away from oil fields, presumably due to the greater oppor- 
tunity for oxidation. Nitrogen and oxygen may be present in any type 
of gas. 


, “Fortschritte der Olgeologie,” Geol. Rundschau (Berlin), Bd. 26 
(1935), PP- 1-65. 
A summary of recent progress in the field of petroleum geology. 
Author advances much the same views as in his earlier publications. 
The paper contains an exhaustive bibliography. 


Kruscu, P., “Die Entstehung des Erdéls verwandter Kohlenwasserstoffe 
und gewisse Kohlenvorkommen,” Montan. Rundsch. (Wien), Bd. 23 


(1931), Pp. 116-9. 

The complex character of petroleum indicates that it is formed in 
several ways. One of these is that it might be derived from condensa- 
tion of gaseous emanations of inorganic origin. 


Mrazec, L., “Vorlesungen iiber die Lagerstitten des Erdéls,”’ Petroleum 
(Berlin and Wien), Bd. 22, No. 24 (1926), pp. 901-9. (Translated by K. 
Krejci-Graf.) 

Oil deposits are genetically associated with salt. Oil is derived 
principally from marine plankton. The organic constituents of sedi- 
ments are acted upon by micro-organisms and petroleum is formed 
from the residues with the aid of heat, pressure, and catalysts. Com- 
binations of inorganic substances with organic constituents aid the 
generation of petroleum. Fats probably are the main source and pro- 
teins a minor source. Salts perhaps aid saponification of fats to hy- 
drocarbons. Author emphasizes significance of iodine in oil-field 
waters. Growth of crystals lessens quantity of adsorbed organic mat- 
ter. Alternating beds of sandstone and shale are a favorable environ- 
ment for generation of petroleum. Oil is formed in shales and migrates 
to sands. 
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Miter, H., “Neue Gedanken iiber die Bildungsbedingungen und die 
Entstehung des Erdéls auf Grund sedimentpetrographischer Unter- 
suchungen,” Centralbl. f. Min. etc. (Stuttgart), Abt. B. (1933), pp. 481-7. 
Oil forms from sediments containing remains of organisms that 

had siliceous skeletons. The mineral constituents, notably quartz, and 

alkali but not calcium feldspar, react with the organic matter and 
thus aid the formation of oil. 


Ormanpy, W. R., CRONEN, E. C., HErLBorn, I. M., and Cuannon, H. J., 
“A Contribution to the Study of the Origin of Petroleum: The Berginiza- 
tion of Fish Liver Oils and Other Bodies,” Jour. Inst. Petrol. Tech. (Lon- 
don), Vol. 13 (1927), pp. 1-20. 

Some sharks contain as much as 8o per cent of squalene in the oil 
in their livers. Squalene is a highly unsaturated hydrocarbon of com- 
position C3o/50. It is absent in most fishes but present in many types 
of sharks. When hydrogenized under pressure and at elevated temper- 
ature it yields a variety of hydrocarbons, some of which are saturated. 


PETERSEN, C. G. J., and JENSEN, P. B., ‘Valuation of the Sea, I. Animal Life 
of the Sea Bottom, Its Food and Quantity,” Rept. Danish Biol. Sta., Vol. 
20 (1911), pp. 1-78. 

In the inland brackish waters of Denmark, the supply of plankton 
is inadequate to account for the organic matter in the upper layers of 
the bottom sediments, which form the food for the benthonic or bot- 
tom-living mollusks. The basic food source instead is attached plants, 
mostly Zostera. The main object of the paper is to ascertain the quan- 
tity of organic matter produced per unit of area on the sea bottom 
with special reference to food for plaice (a type of flounder). The 
quantity of organic matter (dried at 100° C. basis) in the bottom- 
living organisms ranges from 1 to 35 grams per square meter. The 
quantity of organic matter in solution in the overlying water ranges 
between ro and 20 parts per million; that is ro to 20 milligrams per 
liter. It is estimated that about one-sixth the food a growing plaice 
consumes is retained in its body. The rest is given off as waste products 
or is used to produce energy. 


Potonié, R., Allgemeine Petrographie der Olschiefer und ihre Verwandten, 

Gebriider Borntraeger, Berlin (1928), pp. 1-166. 

Coals, oil shales, and source beds are different in character. The 
organic content of source beds is derived from plankton. Petroleum 
comes from remains of fats and proteins, but proteins are apt to be 
nearly completely decomposed before being buried. However, nitro- 
gen content of petroleum indicates that proteins are associated with 
the formation of oil. In order for organic matter to be preserved, special 
conditions in which oxygen is deficient are needed. 
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Poronté, R., and Kurek, J., “Zur Genesis der Bitumina,” Sitz. Ber. Gesell. 

Naturf. Freunde cu Berlin (1932), pp. 325-58. 

The authors investigated some bituminous limestones under the 
microscope and concluded that the organic content is more likely to 
be primary than secondary. Authors regard bitumen in limestones as 
more closely related to petroleum than bitumen in shales; hence, lime- 
stones under certain conditions may be good sources of petroleum. 


Revuszer, H. W., “Marine Bacteria and Their Réle in the Cycle of Life in the 
Sea. III. ‘The Distribution of Bacteria in the Ocean Waters and Muds 
about Cape Cod,” Biol. Bull., Vol. 65 (1933), pp. 480-97. 

The quantity of bacteria in marine sediments decreases greatly 
from surface downward, and at a depth of 10 centimeters is only 1 to 
1o per cent of what it is at the surface of the deposits. In one sample 
no bacteria at all were present at a depth of 20 centimeters though 
there were 23,000 per cubic centimeter in the surface layers. The 
data seem to indicate a positive correlation between the number of 
bacteria and the quantity of organic matter in the sediment and plank- 
ton in the sea. 


RUceEr, “Zur Frage der primiren oder sekundiren Natur der Erddéllagerstit- 
ten,” Centralbl. f. Min. etc. (Stuttgart), Abt. B (1925), p. 371. 

Oil forms in shales, not in sands as Hummel maintains, because 
shales are more favorable environment for accumulation of source 
material. However, accumulation of oil depends not so much on rich- 
ness of source beds as on the ease with which oil may migrate. Author 
regards presence of salt as a favorable indication. Heat and pressure 
have little effect. Catalysts perhaps are essential. 


SAKHANOV (SACHANOFF), A., and WrrRABIANZ, R., “Die chemische Zusam- 
mensetzung der Erdéle der U.S.S.R.,”’ Petroleum (Berlin and Wien), 
Bd. 25 (1929), pp. 867-92. 

A concise summary of the methods and results of chemical analy- 
sis of many different crude oils. These oils are mainly Russian, but 
some are from the Gulf Coast, Mid-Continent, and California. Petro- 
leums are characterized by a low iodine number. Even in the fraction 
for 250°—300° the iodine number is less than 13. When the oil is dis- 
tilled under vacuum, the iodine number is smaller than when distilled 
at atmospheric pressure. It thus seems evident that the slight unsatu- 
ration that characterizes the higher boiling fractions to some extent 
and perhaps wholly is due to cracking. 


SANDER, B., ‘Uber bitumindse und kohlige Gesteine,” Mitt. d. geol. Ges. Wien, 
Bd. 15 (1922), pp. 1-50. 
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A petrographical study of some bituminous rocks in the vicinity 
of the Alps. Author gives chemical analyses of several oil shales and 
demonstrates that organic content is indigenous in some shales and 
limestones and exotic in others. He also adduces evidence to indicate 
that the less competent a bed is the more likely the oily constituents 
are to migrate. 


Stapnikov, G., “Die Entstehung von Kohle und Erdél,” Schrift. Gebiet 

Brennstoff-Geologie,”’ Heft 5/6 (1930), pp. 1-254. 

A very stimulating paper written by a chemist who tries to con- 
sider the origin of oil from the viewpoint of a geologist. The paper 
contains many data on composition of petroleum. The author empha- 
sizes the necessity of considering composition of petroleum in deriving 
a satisfactory theory of origin. Petroleum consists essentially of satu- 
rated compounds, though they by no means are all members of the 
paraffine (C,H2n42) series. The scarcity of unsaturated compounds 
in petroleum is incompatible with the Engler theory of heat distilla- 
tion of animal oils. Petroleums can be divided into five groups: (1) 
methane oils, which consist of about 50 per cent of paraffine com- 
pounds and 30-40 per cent of naphthenic (C,H2n) derivatives; (2) 
naphthenic oils, which contain about 70 per cent naphthenic deriva- 
tives; (3) a mixture of types 1 and 2; (4) aromatic-naphthene-paraf- 
fine oils, consisting of about equal parts of aliphatics, naphthenes, and 
aromatics; and (5) the aromatic-naphthene oils, in which paraffine 
oils are present in very minor quantities. The variation in compo- 
sition of crude oils indicates that different oils are derived from dif- 
ferent types of source. The paraffine oils are formed from saturated 
fatty acids and from humus materials rich in waxes and poor in resins, 
which accumulate in salty water. In fresh water these substances are 
transformed into coal. Unsaturated fatty acids, with the aid of poly- 
merization and hydrogenation, go into naphthenes. Also, ring com- 
pounds in the original organic content may be transformed to naph- 
thenes. Humus derivatives, rich in resinous material, give rise to 
aromatic compounds. The presence of small quantities of oxygen 
aids the formation of aromatic compounds. Petroleum forms at 
relatively low temperature. As destructive distillation produces un- 
saturated compounds, some other process, such as hydrogenation, is 
needed to form the saturated compounds so characteristic of petro- 
leum. A deep-seated volcanic source for the hydrogen is postulated. 


Stuart, Murray, The Geology of Oil, Oil Shale, and Coal, Mining Publica- 
tions Ltd., Salisbury House, London (1926), pp. 1-100. 


Oil is formed with aid of bacteria, which split off oxygen and nitro- 


q 
on 
‘ 
ch 
aft 
- 


1248 PARKER D. TRASK 


gen from organic constituents of sediments. In fact bacteria may 
generate petroleum directly by splitting off oxygen from water for 
their own needs, leaving the hydrogen for hydrogenation of the or- 
ganic constituents. Author regards woody substances as favorable 
source material. 


Taytor, E. MacKenstg, “The Bearing of Base Exchange on the Genesis of 
Petroleum,” Jour. Inst. Petrol. Tech. (London), Vol. 14 (1928), pp. 825- 

40. (Also several papers in subsequent issues of this Journal.) 

Clays deposited in salt water will be sodium clays which are imper- 
meable and permit anaerobic bacteria to develop. Sediments in which 
the bases have been replaced by sodium and to which various types of 
fatty substances were added, in the course of time darken, thus indi- 
cating bacterial action, but comparable tests with calcium clays show 
no reaction. From this it is concluded that the fatty substances that 
were added to the sodium clays were decomposed and changed to 
corresponding hydrocarbons. However, the presence of hydrocarbons 
was not proved, nor was the possibility discussed that the darkening 
of the sodium clays might be due to bacterial decomposition of indig- 
enous constituents of the sediments and not to the fats. (See Ham- 
mar’s article on anaerobic decomposition of fats in Problems of Petro- 
leum Geology (1934), PP. 35-49.) 

Taylor’s subsequent papers in the Journal of the Institution of 
Petroleum Technologists were designed to show that sodium clays 
predominate in shales from oil fields in many parts of the world. 


Unuic, D., “Uber die Vorkommen und die Entstehung des Erdéls,”’ Samm- 
lung Gemeinvertanglicher Wiss. Vortrige (Berlin), 19 Serie, Heft 439 
(1884). 

A remarkably keen analysis of the problem of the origin of oil. 
Any satisfactory theory of origin must consider both chemical and 
geological aspects of problem. Author rejects inorganic and coal ori- 
gins as incompatible with known facts; and favors a slow generation 
from remains of marine animals under influence of pressure. The mo- 
bility of oil is emphasized. 

Wurtz, D., “Effects of Geophysical Factors on the Evolution of Oil and 
Coal,” Jour. Inst. Petrol. Tech. (London), Vol. 21 (1935), pp. 301-10. 
In this article the author presents much the same ideas as in his 

American papers on the same subject. Oil is derived mainly from the 

remains of marine aquatic organisms. After this organic matter has 

been deposited it is subjected to biochemical changes which tend to 
make its composition more closely related to petroleum than it was 
previously. After the organic matter has been buried to such a depth 
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that it is no longer affected by living organisms, it is acted upon by geo- 
chemical and geodynamical agencies, one of the most influential of 
which is pressure. In support of the effect of pressure, the author cites 
the parallelism between the gravity of the oil and the state of car- 
bonization of the coals in the Appalachian area; the greater the car- 
bonization of the coal, the higher the gravity of the oil. In fact, if the 
effect of pressure is sufficient to cause the percentage of fixed carbon 
in the coal to be more than 64 per cent, very little oil is likely to be 
found. Temperature and length of time the sediments have been 
buried, also are influential factors, and to some extent they are inter- 
changeable with pressure. Other factors, likewise may be effective, 
such as chemical composition of source material, variable biochemical 
action, reaction of inorganic constituents with organic constituents, 
oxidation, filtration, and escape of the more volatile constituents to 
other areas. 


, ‘“Quelques relations entre les charbons de différentes espéces et la 
composition des dépéts sédimentaires originels,” Livre Jubilaire, Société 
Géologique de Belgique (1926), pp. 365-78. 

An account of the composition of different types of carbonaceous 
sediments and the changes that may take place in such sediments in 
the course of time. This article is similar to the author’s account of 
the carbonaceous sediments in the first edition of the Treatise on 
Sedimentation edited by W. H. Twenhofel (1926), pp. 266-316. 
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GEOLOGICAL NOTES 


NOTES ON SOUTHERN PART OF PERMIAN BASIN! 


The interpretations of the stratigraphy of the Permian Basin are, 
of necessity, based on some preconceived idea of each individual. In 
years past, correlations made strictly on the “brown lime,” on the 
“gray lime,”’ and on the “base of the anhydrite” have had adherents. 
The interpretations of many individuals have changed radically as the 
amount of information and data increased. 

The writer wants to present a few thoughts regarding the stratig- 
raphy and structure of the southern part of the Permian Basin plat- 
form. This area includes the Yates “high,” the Fort Stockton “high,” 
extending north and west into Ward County, the McCamey “high,” 
extending into Crane County and the intervening lagoonal area 
around which the three high areas form a roughly triangular rim. 

Somebody recently stated that 1,600 feet of section was missing 
on the Fort Stockton “high” north and east of Fort Stockton. This 
remark had reference to the Double Mountain and Clear Fork sec- 
tions of the Permian, or “the lime” as known locally, and had no 
reference to the older rocks in which it is generally recognized pro- 
found unconformities occur. According to this idea the limestone en- 
countered in wells on the Fort Stockton “high,” approximately 50 
miles west of Yates, is older than the petroleum-producing limestone 
at Yates. This interpretation is not in accord with the writer’s idea, 
which is that the difference in stratigraphy between the Yates and 
the Fort Stockton area is due to lateral gradation and not to the pres- 
ence of unconformities in one or the other of the two areas. 

The anhydrite section at Yates continues with little change for 
40 miles toward the west and then begins to grade into limestone. The 
proportion of limestone increases toward the north and west along the 
Fort Stockton “high” until the section between the base of the Yates 
sand and the equivalent of the limestone which produces oil at Yates 
is practically all limestone while its equivalent at Yates is all anhy- 
drite. 

On this assumption the solid limestone encountered on the Fort 
Stockton “high” in the vicinity of Fort Stockton and thence north and 
west is younger in age than the limestone found at Yates from which 
oil is produced. 


' Read before the San — group of the West Texas Geological Society, June 1, 
1936. Manuscript received, July 9, 1936. 
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Structurally, that part of the Fort Stockton anticline north and 
east of Fort Stockton is as high as the Yates structure. Structural 
closure and the porosity of the limestone make the area appear favor- 
able for oil accumulation, but no production has been developed. 
Clark? has championed the theory that most oil accumulations are 
due to source beds especially rich in organic matter, in the same beds 
in which the oil is found or in contiguous beds, and that the oil has 
not migrated any great distance from where this rich source material 
was deposited. This theory may be applied to the Yates and Fort 
Stockton “highs” as follows. Sediments rich in organic matter proba- 
bly began accumulating over the Yates “high” as soon as the area 
was submerged beneath shallow water after the development of poros- 
ity in the limestone. The absence of oil accumulation in the same lime- 
stone on the Fort Stockton “high” seems to be best explained by as- 
suming that, although all other conditions were apparently similar to 
those at Yates, the material deposited above the porous limestone was 
poor in organic material. 

In further consideration of the stratigraphic problem in the 
roughly triangular area before mentioned we can visualize the out- 
lining rims of this platform as reefs with Yates at the southeast 
angle of the triangle. In the interior or lagoonal part of the area, depo- 
sition continued at approximately equal pace with the deposition on 
the rims. The sediments on the rims are predominantly limestone, 
while the section in the interior contains a smail, but proportionally 
larger amount of clastic material. The important difference in the sec- 
tions, however, is the large amount of anhydrite in the lagoonal de- 
posits which are equivalent to the nearly pure limestone of the rims. 
Near the close of the period of limestone deposition, as represented 
at Yates, sand in considerable amount was brought into the area and 
deposited as sandstone above the limestone and limestone-anhydrite 
series. 

Structural deformation took place at this time, as represented at 
Yates, while the area was a comparatively flat, shallowly submerged 
plain. The Yates area showed the greatest uplift but folds were de- 
veloped elsewhere in the area. The region at this time was tilted to- 
ward the north. In the deeper submergence which followed, anhydrite 
deposition began, with lateral gradation toward the west into reef 
limestone where a reef continued to grow in the area west of Yates and 
on the western rim of the platform. 

Two points in regard to the folding at the close of Yates limestone 


2 Frank R. Clark, “Origin and Accumulation of Oil,” Problems of Petroleum Ge- 
ology (Amer. Assoc. Petrol. Geol., 1934), pp. 309-36. 
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deposition seem worthy of emphasis: (1) the existence of an uncon- 
formity at Yates, located on the margin of the platform and (2) the 
attitude of the section in the interior of the platform. In the interior, 
using a correlative level as being equivalent in time to the top of the 
limestone at Yates we find a normal, or perhaps slightly thickened, 
section below this level. A study of the section above this level at the 
top of the Yates limestone, however, discloses considerable thickening 
and thinning of section from place to place between the Yates sand 
and this “‘top of lime’’; hence, the existence of depositional “highs” 
and “lows” prior to the deposition of the anhydrite-salt section is in- 
dicated. The section below this “top of lime” (which the writer be- 
lieves, as already stated, is equivalent to the solid section of limestone 
at Yates even though it contains large quantities of anhydrite in the 
lagoonal facies), shows some slight thickening but in a regional man- 
ner; hence, the general uniformity in thickness of this lower part of 
the section indicates little deformation during the period of limestone 
deposition and places the time of the folding in the region as a whole, 
at the same time as the uplift at Yates—at the close of the deposition 
of the Yates limestone. 

It should be mentioned that these remarks apply to only part of 
the section and to the events in later Permian time. The folding men- 
tioned here may well be a rejuvenation of earlier activity and some 
later folding is probably later than the deposition of the salt series. 

No regional erosional unconformity is postulated. An unconform- 
ity of some magnitude exists at Yates, but this is due to its emergence 
from the sea incident to structural deformation at the close of the 
period of deposition of the Yates limestone. Other folds in the region 
were apparently not elevated sufficiently to suffer erosion. Porosity 
at Yates is probably due in large part to sub-aerial weathering, but 
that in other parts of the area is more probably due to the original 
character of the limestone or to secondary changes under cover. 

The term “limestone” is used here in accordance with custom since 
such expressions as “the lime’’ and the “top of the lime” are common- 
place in discussing the area. In reality the strata are highly magnesian 


and, at least in part, are dolomite rather than limestone. 
W. C. KINKEL 


San ANGELO, TEXAS 
TABLE OF TENTATIVE LOWER PALEOZOIC COR- 
RELATIONS ON BASIS OF GRAPTOLITES! 
A correlation table is presented here based on evidence, most of 


1 Some of the information used in these correlations was secured with the assistance 
of the Oklahoma Geological Survey. 
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which was given in a paper in the March number of the Bulletin. 
The table is accompanied by a brief characterization and discussion 
of each of the graptolite zones. 


TABLE I 
TENTATIVE LOWER PALEOZOIC CORRELATIONS ON BASIS OF GRAPTOLITES 


S| arbuckle | @Achita Mts. 
and eastward, Wisconsi: Eastern 
Oklahoma and Indiana New York Guest Britain 
Arkansas 
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foot zone Smithville 
t Deepkill Skiddaw 
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| feet thick 
oO 


MIDDLE ARBUCKLE LIMESTONE ZONE 


The lowest horizon from which graptolites have been discovered 
in this southwestern region is below the middle of the Arbuckle lime- 
stone, 4,600 feet below the top. Until recently these graptolites were 
known from only a single locality, on Chapman’s ranch, Sec. 18, 
T. 2S., R. 2 E., but recently with the assistance of Robert H. Dott, 
director of the Oklahoma Geological Survey, this zone was found also 
exposed about 15 miles east and a little south of the first locality in 
Sec. 28, T. 2 S., R. 4 E. 


2 C. E. Decker, ‘Some Tentative Correlations on the Basis of Graptolites of Okla- 
homa and Arkansas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 20, No. 3 (1936), pp. 301- 
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Of the Cambrian forms listed and described by Ruedemann,’ 16 
species and varieties, and one new species, have been collected from 
these two localities. Dendroid forms from this horizon have been 
studied for several years and identifications have been checked at 
two different times by Ruedemann in the New York State Museum. 
More recently a collection of Trempealeau forms from the St. 
Lawrence formation at Afton, Minnesota, was received from Clifton 
Stauffer, of the University of Minnesota. Comparison shows that a 
number of the Minnesota and Oklahoma species are identical. In ad- 
dition to the forms listed in Table I, Footnote 2, the following have 
been collected and identified: Haplograptus vermiformis, H. wiscon- 
sensis, Dendrograptus edwardsi, D. edwardsi var. major, Callograptus 
antiquus Callograptus sp. (like the one illustrated in Pl. 52, Figs. 1 
and 11, Footnote 2), Dictyonema minnesotense, and D. wyomingense. 
This makes a total of 16 forms from this horizon in Oklahoma, or 
twice as many as that of any other state. This relatively large fauna 
in Oklahoma suggests that distribution was from this region to the 
other states of Wyoming, South Dakota, Minnesota, Wisconsin, Ten- 
nessee, Vermont, and Quebec. As yet, Dendrograptus sparsus has not 
been found in Oklahoma. 

Two brachiopods have been collected from this horizon, one much 
like Eoorthis wichitaensis which occurs much lower in the Honey Creek 
formation, and one which is nearest to a Middle Cambrian form, 
Micromitra, but neither has been identified specifically. Also a num- 
ber of fragments of trilobites were secured. These include glabella of 
Illaenurus quadratus, parts of free cheek and spine of Saukia pepinen- 
sis, and a number of pygidia of Blountia mimula. If the identification 
of these fragments is correct, the trilobites would help to confirm the 
Upper Cambrian age of this horizon. The graptolites are generally re- 
stricted to a zone of 2 or 3, and never more than 18 inches in thickness. 

This graptolite horizon is 3,740 feet below the Did ymograptus pro- 
tobifidus zone which is 865 feet below the top of the Arbuckle lime- 
stone, and the latter is correlative with zone C of Didymograptus 
extensus in the lower part of the Skiddaw slates of England. Ceratopeas 
(thought by some to be opercula of gastropods) are abundant in the 
Arbuckle limestone. The upper zone is about 1,600-1,800 feet below 
the top and in several sections they extend through 968, 993, 1,465, 
and 1,537 feet; the lowest ceratopea zone is more than 1,600 feet above 
the middle Arbuckle graptolite horizon. The upper part of the 
ceratopea zone is correlative with the Newala limestone of Alabama. 


3 Rudolph Ruedemann, ‘“‘The Cambrian of the Upper Mississippi Valley, Part III, 
‘Graptiloidea’,”’ Public Museum, City of Milwaukee, Vol. 12, No. 3 (1933), pp. 307-48. 
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Several species of gastropods and brachiopods range through strata 
from 100 to several hundred feet in thickness. On the evidence of the 
graptolites and these other considerations, the Ordovician-Cambrian 
boundary is left above them to await still further evidence. In a 
recent discussion Josiah Bridge has presented reasons for placing the 
boundary 1,028 feet below the graptolites.‘ It is thought that the total 
thickness given by him is more than 1,000 feet too small. 


UPPER ARBUCKLE DIDYMOGRAPTUS PROTOBIFIDUS ZONE 


This very marked graptolite zone of Didymograptus, its transients, 
and associates, extends through about 120 feet of strata goo—780 feet 
below the top, and 3,740 above the middle Arbuckle graptolite hori- 
zon. This D. protobifidus zone, discovered first on United States High- 
way 77, in Sec. 19, T. 2 S., R. 2 E., has been traced to the east side 
of the Washita River gorge, } mile southwest of the railway station, 
into the main quarry at Crusher, and into the old quarry } mile 
farther north. Because of complex structural relations, it was not 
known to what part of the Arbuckle the rock in these quarries be- 
longed. This D. protobifidus zone in each of them establishes their 
position in the upper part of the Arbuckle limestone. Didymograptus 
protobifidus was differentiated and described in England by Gertrude 
Elles.’ The zone here is correlative with subzone C of the Didymograp- 
tus extensus zone in the lower part of the Skiddaw slates of England. 
This Oklahoma zone is correlative with the Smithville limestone of 
Arkansas and the Marathon of Texas. Also, it seems to have extended 
to Australia® where the dependent form is thought to be D. protobijfi- 
dus rather than the true D. bifidus. 


JOINS, LOWER SIMPSON, GRAPTOLITE ZONE 


The graptolites in the lower part of the Simpson group consist of 
two species: Didymograptus artus and D. bifidus. These forms are 
abundant and they are associated in the upper part of the Skiddaw 
slates of Great Britain. By these species the lower part of the Simpson 
of Oklahoma may be correlated with the Black Rock limestone of 
Arkansas, and the Deepkill or Beekmantown of eastern United States. 

4 Josiah Bridge, “Position of Cambrian-Ordovician Boundary in Section of Ar- 


buckle Limestone Exposed on Highway 77, Murray County, Oklahoma,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 20, No. 7 (1936), pp. 980-84. 


5G. L. Elles, ‘“Skiddaw Graptolite Fauna,’”’ Summary Prog. Geol. Survey Great 
Britain and Mus. Pract. Geol. for 1932, Pt. 2 (1933), pp. 98, 99. 


*° T. W. E. David, ‘“‘Explanatory Notes to a New Geological Map of Australia,” 
Australia Med. Pubs. Co., Ltd., Sidney (1932), op. p. 41. 
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BROMIDE, UPPER SIMPSON, GRAPTOLITE ZONE 

Until recently only a single species, Diplograptus maxwelli Decker, 
had been collected from this zone. This relatively new species, first 
discovered in the Criner Hills, has been important in helping to cor- 
relate the Bromide of that locality with the Bromide of various parts 
of the Arbuckle Mountains. More recently, another species was col- 
lected by T. A. Hendricks, of the United States Geological Survey. 
This form, because of its thinness and very narrow thecae has been 
identified as Dicellograptus mensurans. This species occurs in the 
Normanskill shale, where Ruedemann considers it the most primitive 
member of the genus. Its presence in the upper part of the Bromide 
gives the first suggestion that the upper part of this formation is 
equivalent to the lower part of the Normanskill shale of New York, 
the Womble shale of Arkansas, and the Stringtown shale of Oklahoma. 


STRINGTOWN—WOMBLE—LOWER VIOLA GRAPTOLITE ZONE 


This is an extremely fossiliferous zone, from which the writer has 
identified 42 species and varieties of graptolites. Of this number, 30 
occur in the Stringtown Shale and 18 in basal part of the Viola lime- 
stone of Oklahoma, 27 in the Womble shale of Arkansas, 25 in the 
Normanskill shale of New York, and 21 in the Glenkiln shale of Great 
Britain, which serves to correlate these formations closely. Nemagrap- 
tus gracilis, which occurs in the basal part of all the other four forma- 
tions, has not been found in the basal part of the Viola limestone or 
in the upper part of the Bromide formation. Part of the Maravillas 
formation of Texas doubtless belongs in this zone on the evidence of 
several graptolites identified by R. Ruedemann.’ 


VIOLA LIMESTONE—BIG FORK CHERT GRAPTOLITE ZONE 

Besides occurring in the basal part of the Viola noted previously, 
numerous graptolites occur at intervals through more than goo feet 
of limestone, and several of the graptolite zones of the Viola occur in 
the Big Fork chert of eastern Oklahoma and Arkansas. Also, the trilo- 
bite, Cryptolithus tessellatus, so characteristic of the Viola, occurs in 
considerable numbers in the Big Fork chert. Also, when some of the 
more cherty phases of the Viola are studied in greater detail, it is be- 
lieved that they will be almost identical with cherty phases of the Big 
Fork chert, and that the two formations in some of their outcrops will 
be shown to have much in common lithologically, as well as faunally. 


SYLVAN SHALE-—POLK CREEK GRAPTOLITE ZONE 


Graptolites are particularly abundant, especially in the lower and 
middle parts of these formations where they commonly cover the 


7 E. H. Sellards, ‘‘Geology of Texas,’”’ Vol. 1 (1933), pp. 335-36. 
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bedding planes and lamellar surfaces. As there are relatively few spe- 
cies, some of the species are represented by multitudes of forms. 

It is of particular interest that very typical Sylvan shale with its 
diagnostic graptolites was found recently by H. D. Miser in Johns 
Valley. It occurs as an extension of the Polk Creek formation, west- 
ward from Arkansas into Oklahoma. Especially in the exposure north- 
east of Atoka, the middle and upper parts of the formation have 
physical characteristics which are much more like those of the Sylvan 
than of the Polk Creek, 

One of the most significant facts about this zone is the presence 
of Dicellograptus complanatus, which is the chief horizon marker in the 
upper Hartfell shale near the top of the Ordovician in Great Britain, 
where the Ordovician and Silurian were named and differentiated. 
This places the Sylvan and Polk Creek definitely in the uppermost 
Ordovician, where Taff* failed to place it, though he said that the 
fauna was typically Ordovician. 

The Sylvan extends in the subsurface into northern Oklahoma and 
Kansas, where it merges northeastward into the Maquoketa shale. 


BLAYLOCK SANDSTONE GRAPTOLITE ZONE 


Graptolites are very sparsely scattered in a part of this formation, 
although the outcrop is extremely inaccessible and the graptolites are 
difficult to break out. However, the few species identified seem to 
place that part in correlation with the upper part of the middle and 
the lower part of the upper Birkhill of Great Britain in the lower part 
of the Silurian, but considerably above the base. This indicates that 
the Blaylock of Arkansas is much older than the Henryhouse of Okla- 
homa and the intervening horizons in Great Britain include most of 
upper Birkhill and all the Tarranon and Wenlock beds. 


HENRYHOUSE SHALE GRAPTOLITE ZONE 


The graptolites of this zone are particularly interesting, in that 
the fauna consists chiefly of monograptids, which are so characteristic 
of Great Britain and Europe. A peculiar fact about them is that no 
such assemblage has been found elsewhere in this country. Although 
numerous Silurian graptolites have been found in New York, Indiana, 
and Canada, all are practically dendroid or branching forms. Eight 
of the Henryhouse forms occur in the lower Ludlow of Great Britain 
and some of them occur in Europe and Australia; one form is most 
like one found solely in Bohemia. 


CHARLES E, DECKER 
DEPARTMENT OF GEOLOGY 
UNIVERSITY OF OKLAHOMA 
August 12, 1936 


SJ. A. Taff, “Tishomingo, Oklahoma (Indian Territory),”’ U.S. Geol. Survey Alas 
Folio 98 (1903), Pp. 3, 4- 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated ted asterisk are in the Association library and are available to 
members and associates 


“Petroleum Development and Technology—1936,”’ Trans. Amer. Inst. Min. 
Met. Eng., Vol. 118. 536 pp., illus. Published by the Institute, 29 West 
39th Street, New York City. Price, $5.00, net. 


Approximately half of this volume is devoted to papers which deal with 
production and development problems. The remainder deals chiefly with de- 
velopment during the year 1935 and is largely statistical. All of the papers 
will not be interesting to very many geologists and this review points out 
those which are most likely to be of interest to readers of this class. 

The average geologist will be interested in Chapter I dealing primarily 
with petroleum reserves. The introduction by M. Albertson states the prob- 
lem and this is followed by a specific method proposed by D. L. Katz. His 
method is not especially difficult to follow, but unfortunately some of the 
basic data are not readily available even in many newer fields. Perhaps the 
most valuable service is bringing to the attention of the reader the many 
available factors which ordinarily are given no place in an estimate of re- 
serves. ‘‘Active Oil and Reservoir Energy,” by Ralph J. Schilthuis, presents a 
mathematical analysis of the energy in active reservoir fluids. Alexander 
Deussen concludes the chapter with some observations on acre-foot yields in 
several Gulf Coast fields. 

Chapter II on production engineering has several papers of small concern 
to most geologists, but some which might be of interest to a good many. 
“Structure of Clay Gels,” by Lewis, Squires, and Thompson, is a fascinating 
paper and might open new avenues of thought and procedure to the geologist 
along lines other than the subject discussed. The paper by Plummer and New- 
combe on laboratory investigations of acid treating may be of more than pass- 
ing interest. 

‘Water Flooding in the Mid-Continent,” by Fancher and Barnes, will 
probably be of interest to many geologists, because the authors include an 
extensive table listing a great many Oklahoma fields, naming sands, showing 
depth, thickness, structure and range of initial production. This table should 
be extremely convenient as a quick reference. There are a number of other 
tables dealing with porosities and general structural correlations in northern 
Oklahoma and eastern Kansas. 

Chapter III on petroleum economics commences with a paper by Joseph E. 
Pogue, ‘“The Role of Drilling in the Functioning of Proration.’”’ The purpose of 
this paper is to call attention to the effect of unregulated drilling upon the 
orderly functioning of proration. Pogue has presented the problem in clear, 
concise terms and suggests the elements which must be considered in the solu- 
tion. 

Chapter IV, the part devoted to production, comprises more than half the 
pages in the book and gives a great deal of tabulated information on fields of 
the United States and foreign countries. Development in 1935 is presented 
in detail. This ‘< certainiy one of the best public sources of information on 
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production history and this part of the book in itself makes it a valuable ad- 
dition to the library of the geologist. 

Chapter V is a short discussion by Walter Miller on “Engineering Prog- 
ress of Petroleum Refining in 1935.” 

The geologist will find much valuable material in this volume to enrich his 
background and broaden his perspective. 


CHARLES H. PISHNEY 
Tusa, OKLAHOMA 


July, 1936 
RECENT PUBLICATIONS 
AFRICA 


‘East African Plateaus and Rift Valleys,” by Bailey Willis. Carnegie Inst. 
Washington (Washington, D. C.), Studies in Comparative Seismology, No. 470 
(1936). 358 pp., 72 pls., 16 figs., bibliography and index. 

*“Ou en est la recherche du pétrole au Maroc’’ (Status of Petroleum Re- 
search in Morocco), by M. L. Migaux. Annal. Nat. Combust. Liquides (Paris), 
Vol. 11, No. 3 (May-June, 1936), pp. 411-18. 


ALPS 


*“Neuere Forschungsergebnisse iiber Schichfolge und Bau der déstlichen 
Siidalpen II” (Recent Results of Investigations on Stratigraphy and Structure 
of the Southeastern Alps), by A. Winkler-Hermaden. Geol. Rund. (Stuttgart), 
Vol. 27, No. 3 (1936), pp. 225-59. 


AUSTRIA 


*“Tie Veneriden und Petricoliden des niederésterreichischen Miozins” 
(The Veneridae and Petricolidae of the Lower Austrian Miocene), by Fritz 
Kautsky. Bohrtechniker-Zeitung (Wien), 54 Jahrgang, Heft 7 (July 15, 1936), 
pp. 157-160; 1 pl. (7 figs.). A biological-stratigraphical investigation. 


CALIFORNIA 


*Summary of Operations, California Oil Fields (State Oil and Gas Super- 
visor, San Francisco), Vol. 20, No. 3 (January, February, March, 1935). 225 
pp. Oil-field operations in California in 1934. 

*“Quarterly Chapter of State Mineralogist’s Repcrt XXXII,” by 
Walter W. Bradley, California Jour. Mines and Geol., Vol. 32, No. 1 (January, 
1936). 125 pp., illus., index of state reports, bulletins, and maps. 


GENERAL 


Rotary Drilling Handbook, by J. E. Brantly. On sale for $3.50 by Palmer 
Publications, Bendix Building, Los Angeles, California. 304 pp., 45 illus. 
5.25 X7.5 inches. Flexible cover. 

Principles of Structural Geology, by Charles Merrick Nevin. 2nd ed. (1936). 
348 pp., 163 figs. 6 X9 inches, cloth. John Wiley and Sons, New York. Price, 
$3.50, plus postage. 

GEOPHYSICS 


*“Bibliography of Seismology,” by Ernest A. Hodgson. Pub. Dominion 
Observatory (Ottawa, Canada), Vol. 12, No. 8 (October, November, Decem- 
ber, 1935); No. 9 (January, February, March, 1936). Price, 25 cents each. 
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*“Electrical Mapping of Oil Structures,” by J. J. Jakosky and C. H. 
Wilson. Part I, California Oil World, Vol. 29, No. 2 (July 30, 1936), pp. 2-3, 
14-16; 6 figs. Part II, Ibid., No. 3 (August 6, 1936), pp. 12, 14-15; 4 figs. 


GERMANY 
*“Zur petrologischen und tektonischen Analyse des Fichtelgebirges” (On 
the Petrologic and Tectonic Analysis of the Fichtel Mountains), by Arno 
Schiiller. Geol. Rund. (Stuttgart), Vol. 27, No. 3 (1936), pp. 260-75; 4 figs. 


ILLINOIS 


*“The Geology and Oil and Gas Possibilities of the Illinois Basin,” by 
J. Marvin Weller. Illinois Geol. Survey (Urbana), Illinois Petroleum, No. 27 
(July 11, 1936). 19 pp., 9 figs., 1 pl. Price, 25 cents. (One copy free to Illinois 
residents and to libraries for postage of 3 cents until October 1, 1936.) 

*“Oil and Gas Development in Illinois in 1935,’’ by Alfred H. Bell. Jbid., 
Illinois Petroleum, No. 28 (1936). Reprinted from Trans. Amer. Inst. Min. 
Met. Eng., Vol. 118. Available for 3 cents postage. 

List of Publications on geology, mineral resources and mineral industries 
of Illinois. Revised to July 1, 1936. Available on request. Order from State 
Geological Survey, Urbana, Illinois. 


LOUISIANA 

*Twelfth Biennial Report of the Department of Conservation of the State of 
Louisiana, 1934-1935, New Orleans (1936). 564 pp. Report of the Division of 
Minerals, pp. 375-523; 38 figs., 14 tables. Report of the Louisiana Geological 
Survey, pp. 525-48; 1 fig. 

NORTH AMERICA 

*““Summary of Marine Eocene Sequence of Western North America,” by 
B. L. Clark and H. E. Vokes. Bull. Geol. Soc. America, Vol. 47, No. 6 (June 
30, 1936), pp. 851-78; 3 figs., 2 pls. 

OREGON 


“Bibliography of Oregon’s Geology and Mineral Resources, with Digests 
and Index,” by Ray C. Treasher and E. T. Hodge. Approx. 600 mimeo- 
graphed pp., 2,500-3,000 refs. Each reference includes a 150-word digest. 
Oregon State Planning Board, 811 Spalding Bldg., Portland. Prepublication 
price, $1.25. 
RUSSIA 

*“Zur Mikropaliontologie der kaukasischen Erdélfelder” (On Micro- 
paleontology of the Caucasus Oil Fields), by Martin F. Glaessner. Petrol. 
Zeit. (Wien), Vol. 32, No. 27 (July 1, 1936), pp. 5-12; 1 illus., 1 table. 

*““New Data on the Stratigraphy of the Carboniferous and Lower Permian 
of the Orenburg and Aktiubinsk Districts,’ by V. E. Ruzhencev. Problems 
of Soviet Geology (Moscow), Vol. 6, No. 6 (June, 1936), pp. 470-506; 3 figs., 
3 tables. In Russian. Summary in English. 

*“Contributions to the Question of the Presence of Spirifer of the Kazan 
Stage in the Artinsk and Kungur Deposits of the Ural,” by M. B. Kulikov. 
Ibid., pp. 546-47. In Russian. 

*Review of: “The Brachiopod Fauna of the Middle and Upper Carboni- 
ferous of the Moscow Basin, Part I,”’ by A. P. Ivanov; by B. Likharev. Jbid., 
pp. 548-49. In Russian. 
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SOUTH AMERICA 


*“F] petréleo en Mendoza” (Petroleum in Mendoza), by Carlos Guevara 
Labal. Bol. Inform. Petrol. (Buenos Aires), Afio 13, No. 139 (March, 1936), 
pp. 41-64; 7 illus. 

*Investigaciones sobre el material clastico en formaciones del Norte 
Argentino” (Investigations of the Clastic Material in the Formations of 
Northern Argentina), by Tor H. Hagerman. /bid., pp. 75-120; 16 figs., 10 pls. 

*“Nuevas especies de Moluscos supracretaceos y terciarios de la Pata- 
gonia’”’ (New Species of Mollusca of Upper Cretaceous and Tertiary of Pata- 
gonia), by Egidio Geruglio. Jbid., pp. 121-36; 2 pls. 

*“Some Aspects of a Geological Exploration for Oil in the Upper Amazon,” 
by Victor Oppenheim. Oil Weekly, Vol. 82, No. 6 (July 20, 1936), pp. 44-46; 
1 illus., 1 map. 

*“Fallas actualmente activas en la Sierra del Morado, Provincia de San 
Juan” (Active Faults in the Sierra del Morado, Province of San Juan), by 
Enrique Fossa-Mancini. Bol. Inform. Petrol. (Buenos Aires), Afio 13, No. 141 
(May, 1936), pp. 65-138; 43 figs. 

TEXAS 


*“Bureau of Mines Analyzes Talco, Texas, Crude Oil,” U. S. Bur. Mines 
Press Release 4377 (July 21, 1936). 3 mim. pp. The oil is produced from the 
Paluxy sand of Lower Cretaceous age at depths of about 4,200 feet. It is a 
wax-bearing paraffine-intermediate base oil. The sulphur content and the car- 
bon residue of residuum are high. 


WEST INDIES 


*“La constitution géologique des Antilles’ (The Geology of the Antilles), 
by L. Barrabe. La Chronique des Mines Colonials, No. 52 (July 1, 1936), 
pp. 214-27; 2 maps. Bureau d’Etudes Géologiques et Miniéres Coloniales, 
Comité d’Etudes Miniéres pour la France d’Outre-Mer, 13, Rue de Bour- 
gogne, Paris. 


ASSOCIATION DIVISION OF SEDIMENTARY PETROLOGY 


*Journal of Sedimentary Petrology (Forth Worth, Texas), Vol. 6, No. 2 
(August, 1936). 

‘‘Heavy Minerals of the St. Peter Sandstone in Wisconsin,” by Stanley A. 
Tyler. 

“An Analysis of the Shapes of Glacial Cobbles,’”’ by Chester K. Wentworth. 

“The Shapes of Glacial and Ice Jam Cobbles,’”’ by Chester K. Wentworth. 

“The Sediments of the Pearl and Hermes Reef,’’ by Eldon Marion Thorp. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


Eva Hirdler Greene, Tulsa, Okla. 
H. A. Buehler, Arthur F. Truex, Wallace Lee 
J. Conrad Heggblom, Ciudad Bolivar, Venezuela, S. A. 
E. E. Brossard, Philip Andrews, C. M. Crebbs 
George Edward Manger, Maracaibo, Venezuela, S. A. 
Chester A. Baird, P. E. Nolan, Hollis D. Hedberg 
Walter J. Osterhoudt, Houston, Tex. 
; Paul Weaver, L. P. Garrett, Marcus A. Hanna 
James Stewart Williams, Logan, Utah 
Lloyd G. Henbest, John B. Reeside, Alan M. Bateman 


FOR ASSOCIATE MEMBERSHIP 


Robert W. Beck, Mt. Pleasant, Mich. 
H. F. Moses, E. O. Markham, D. C. Nufer 
J. David Cerkel, Jr., Taft, Calif. 
W. F. Barbat, Elmo W. Adams, James R. Dorrance 
Henry William Fuellhart, Tidioute, Pa. 
Wilber H. Young, Jr., Robert B. Bossler, Donald E. Fuellhart 
Harold F. Voigt, Tulsa, Okla. 
Joseph E. Morero, Richard B. Rutledge, Edgar D. Cahill 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


Edwin A. Dawson, Shawnee, Okla. 

Edwin B. Hopkins, Glen C. Woolley, J. N. Troxell 
Karl Allen Mygdal, Caripito, Venezuela, S. A. 

C. Wiedenmayer, Roger H. Sherman, John W. Brice 
Carleton D. Speed, Jr., Houston, Tex. 

R. B. Whitehead, F. H. Lahee, Paul W. McFarland 
Rudolf Franz Otto von Zwerger, Berlin, Germany 

C. L. Moody, Walter Kauenhowen, A. Bentz 
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SUPPLEMENTARY MEMBERSHIP LIST, SEPTEMBER 1, 1936 


Total additions since publication of list in March Bulletin. .126 


Alden, John M., U. S. Geological Survey, Washington, D. C. 
Allen, Walter J., 811 S. Gary Pl., Tulsa, Okla. 
Alvarez, Manuel, Jr., Democrata 3, Atzcapotzalco, D. F., Mexico 
Anderson, Tom A., Box 238, Effingham, Ill. 
Andrews, W. W., Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A. 
Baddley, E. R., 220 Palo Colorado St., Santa Barbara, Calif. 
Baldwin, Harry L., Jr., Phillips Petr. Co., Bartlesville, Okla. 
Bass, Perry R., 2708 Ninth St., Wichita Falls, Tex. 
Bateman, A. F., Jr., Currie Ranch, Bayfield, Colo. 
Bates, Fred W., Continental Oil Co., Eunice, La. 
Baysinger, Eugene M., State Geological Survey, Urbana, IIl. 
Bear, Melvern F., Derby Oil Co., Wichita, Kan. 
Bell, A. Lyndon, Apt. 100, Cucuta, Colombia, S. A. 
||Bell, Douglas E., 2021 Sunset Blvd., Houston, Tex. 
Billingsley, J. E.. Commonwealth Gas Corp., Union Bldg., Charleston, W. Va. 
Bishop, Bradford, 571 California Terrace, Pasadena 
||Brooks, Frank M., 1107 Union Natl. Bank Bldg., Wichita, Kan. 
Brown, Barnum, American Museum of Natural History, New York, N. Y. 
||Brown, H. Travis, 128 N. E. Sixteenth St., Oklahoma City, Okla. 
Bruce, George H., 705 Ellis Singleton Bldg., Wichita, Kan. 
Buck, E. O., 2706 Gulf Bldg., Houston, Tex. 
Butters, Roy M., 1o0o0 W. Seventh St., Columbia, Tenn. 
| Canada, W. R., Stanolind Oil & Gas Co., Lake Charles, La. 
Carey, S. Warren, Oil Search, Ltd., 350 George St., Sydney, N.S. W. 
Carmody, Robert A., 3705 Edgemont Pl., Wichita, Kan. 
||Chapell, D. O., Shell Petr. Corp., Ardmore, Okla. 
Cheney, C, A., 515 Ritz Bldg., Tulsa, Okla. 
Clark, Clifton W., City Natl. Bank Bldg., Wichita Falls, Tex. 
Clark, Willis K., Shell Petr. Corp., Box 2099, Houston, Tex. 
Colton, Howard F., Box 1269, Okmulgee, Okla. 
Cornell, Lee H., 429 First Natl. Bank Bldg., Wichita, Kan. 
Corning, Leavitt, Jr., 1731 Milam Bldg., San Antonio, Tex. 
Crowl, G. H., Apartado 35, Ciudad Bolivar, Venezuela, S. A. 
Delehanty, R. V., 39 E. Fourth St., Mt. Vernon, N. Y. 
Devin, Fred A., Box 326, Holdenville, Okla. 
Doell, Edward C., Bin XX, Taft, Calif. 
Duerfeldt, Leonard R., Gordon, Neb. 
Dunbar, Clarence P., 1601 Second Natl. Bank Bldg., Houston, Tex. 
Durward, Robert H., 1431 W. Rosewood Ave., San Antonio, Tex. 
Edgerton, Charles E., H. F. Wilcox Oil & Gas Co., Tulsa, Okla. 
||Edwards, Hall, Box 961, Midland, Tex. 
Elder, Stanley G., 402 S. Race St., Urbana, Ill. 
English, R. M., 204 S. Fancher St., Mt. Pleasant, Mich. 
Fletcher, Herbert C., Box 184, Safford, Ariz. 
Fuller, Melville Weston, Carter Oil Co., Tulsa, Okla. 
Giesey, S. C., Stanolind Oil & Gas Co., Midland, Tex. 
Haig, Ardris, 1929 E. Alameda Ave., Denver, Colo. 
Harper, O. C., 1706 W. Missouri St., Midland, Tex. 
(Rere R. Merrill, Sulphur Mine, La. 
Harvey, Castle J. C., 513 W. Ford, Shawnee, Okla. 
Harvey, William W., 624 Milam Bldg., San Antonio, Tex. 
Heathman, Walter W., 4521 Eleventh Ave., Los Angeles, Calif. 
||Henderson, W. D., 1934 E. Houston, San Antonio, Tex. 
Herold, C. Lathrop, 1330 Ethel St., Glendale, Calif. 
||Higginbotham, I. S., Deep Rock Oil Corp., Box 1051, Tulsa, Okla. 
Howell, W. F., Commodore Hotel, Wichita, Kan. 
Hyatt, Don L., 1064 E. Main St., Ada, Okla. 
Ireland, H. A., 3903 Classen Blvd., Oklahoma City, Okla. 
Jameson, M. H., 12 Kay Terrace, Rochester, N. Y. 
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| Janovy, John, Skelly Oil Co., Pampa, Tex. 

Johns, Wendell S., 500 N. W. Twenty-first St., Apt. 5-B, Oklahoma City, Okla. 
Jones, Ogden S., 1633 Boswell, Topeka, Kan. 

||Kennedy, Joseph B., Jr., 51 Loines Ave., Merrick, N. Y. 

Kemnitzer, Luis E., 2215 Homet Rd., Pasadena, Calif. 

||Kilian, Henry M., 815 Chautauqua St., Norman, Okla. 

Kravis, Raymond F., 529 Beacon Bldg., Tulsa, Okla. 

Lake, M. E., Oklahoma University Club, Oklahoma City, Okla. 
Lambert, Gerald S., Shell Petr. Corp., Tulsa, Okla. 

free Laurence F., Box 1110, Tyler, Tex. 

Lewis, Ray A., Stanolind Oil & Gas Co., Pampa, Tex. 

Lindsay, Robert E., Associated Oil Co., Oil Center, Calif. 

Logan, Clarence Z., 244 Federal Bldg., Tulsa, Okla. 

Logan, David M., Box 1267, Okmulgee, Okla. 

Mahoney, J. F., Sulphur Mines, La. 

Marshall, F. E., 612 Orpheum Bldg., Wichita, Kan. 

||McCampbell, John C., Morganton, N. C. 

McMillen, Raymond F., 518 Natl. Bank of Tulsa Bldg., Tulsa, Okla. 
McReynolds, Gregg F., 256 Humble Bldg., Houston, Tex. 

Menefee, James C., Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A. 
Menger, Hubert Emil, Stanolind Oil & Gas Co., 1132 Milam Bldg., San Antonio, Tex. 
Merritt, John W., 1324 E. Seventeenth Pl., Tulsa, Okla. 

Mornhinveg, A. R., United Gas System, Houston, Tex. 

||Neely, Joseph, Dept. of Geology, University of Wyoming, Laramie, Wyo. 
Oakes, Malcolm C., Box 11, Edmond, Okla. 

||Parsons, Kenneth R., Carter Oil Co., Box 801, Tulsa, Okla. 

Pishel, Max, 4o1 Ritz Bldg., Tulsa, Okla. 

Poirault, Andre, 18 Strada I. C. Bratianu, Campina, Roumania 

Powell, R. S., The Texas Co., Box 1160, Fort Worth, Tex. 

||Price, James A., 3501 E. Seventeenth St., Tulsa, Okla. 

Price, Sylvan S., 905 Philtower, Tulsa, Okla. 

Raggatt, Harold G., 83 Epping Ave., Epping, N. S. W. 

Reynolds, Karl W., 1402 Hunt Bldg., Tulsa, Okla. 

Roper, Frank C., Box 421, Lafayette, La. 

Ross, John C., 110 W. Summit, San Antonio, Tex. 

||Rumsey, Edward W., Box 473, Garden City, Kan. 

Sammons, George B., 327 S. Clinton St., Wichita, Kan. 

[Sine 4. &., 2135 Westwood Ave., Fairview Village, Ohio 


Schafer, Sidney, The Texas Co., Geophysical Div., Houston, Tex. 
Schmidt, Karl H., American Askania Corp., 826 Merchants & Manufacturers Bldg., 
Houston, Tex. 
||Shappell, Maple Delos, 14731 Valiey Heart Drive, Van Nuys, Calif. 
Spangler, Grant W., Stanolind Oil & Gas Co., Box 814, Enid, Okla. 
| Staplin, Rex, Box 285, Great Bend, Kan. 
St. Clair, Donald W., 423 N. Thirteenth St., Muskogee, Okla. 
Stephenson, C. D., Box 923, Pawhuska, Okla. 
feane Aden E., Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A. 
Sullivan, Chris Rice, Box 995, Wichita, Kan. 
Swayze, Ronald O., 1033 Higgins Bldg., Los Angeles, Calif. 
Tarr, Russell S., 725 McBirney Bldg., Tulsa, Okla. 
Tash, George E., Caribbean Petr. Co., Maracaibo, Venezuela, S. A. 
Templeton, James B., 1026 N. Bishop Ave., Dallas, Tex. 
Thompson, Warren O., Dept. of Geology, University of Colorado, Boulder, Colo. 
Travers, William J., Jr., Richfield Oil Co., Fellows, Calif. 
Trowbridge, Raymond M., Box 416, Holdenville, Okla. 
*Ulrich, E. O., U. S. Geological Survey, Washington, D. C. 
Vandiver, Vincent W., Regional Director, National Park Service, Flagstaff, Ariz. 
Van Melle, F. A., c/o B. P. M., Pladjoe, Sumatra, D. E. I. 
Wade, R. T., Box 2006, Tyler, Tex. 
Wallace, P. A., Amerada Petr. Corp., Box 896, Shawnee, Okla. 
Walters, Ray A., 3036 E. Olive St., Huntington Park, Calif. 
Wappler, Ed. D., 660 Stoner Ave., Shreveport, La. 
Watson, George R., Box 2038, Pittsburgh, Pa. 
Wilshire, L. M. 1704 S. Evanston, Tulsa, Okla. 
Wood, F. C., Jr., Oklahoma Geological Survey, Norman, Okla. 
H. C., 117 E. Vinita, Sulphur, Okla. 
Yates, Harvey E., Second and Dallas Sts., Artesia, N. Mexico : 
Young, Umberto, Republic Petr. Co., 811 W. Seventh St., Los Angeles, Calif. 
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BIOGRAPHICAL SKETCHES OF RECENTLY ELECTED 
HONORARY MEMBERS 


Awards made by the executive committee of the Association “‘to persons 
who have contributed distinguished service to the cause of petroleum geol- 
ogy” (The Association Constitution and By-Laws, Article III, Section 6) 
have been conferred upon W. A. J. M. van Waterschoot van der Gracht and 
Edward O. Ulrich, bringing the total number of honorary members to nine- 
teen, six of whom are deceased. 


W. A. J. M. VAN WATERSCHOOT VAN DER GRACHT 


W. A. J. M. van Waterschoot van der Gracht is director of the Nether- 
lands Bureau of Mines, 95 Akerstraat Heerlen, Holland. 

He was born in Amsterdam, Holland, May 15, 1873. He received the 
degree of Doctor at Law from Amsterdam University in 1899 and completed 
his work in mining engineering and geology at Freiberg in 1903, receiving his 
E.M. degree. The honorary degree of Sc.D. was conferred upon him by the 
Colorado School of Mines in 1924. 

Early in his career he became director of the Geological Service of the 
Netherlands and held the position from 1905 to 1917. During that time he 
was a member and secretary of the Netherlands Bureau of Mines Council. 
He was also a consulting mining engineer in explorations in the East Indies, 
Africa, South America, Russia, Roumania, Belgium, Portugal, Spain, Ger- 
many, England, and Canada. In 1913-1914 he was adviser for the Nether- 
lands Colonial Government Expedition in the Dutch East Indies. 

Van der Gracht was associated with the Roxana Petroleum Company in 
1916 and after several years as president of that company, resigned in 1922 
to join the Marland organization. He was vice-president of the Marland Oil 
Company of Delaware until 1928, president of the Marland Oil Company of 
Texas until 1926, and in 1926-1928 he was director of research of the whole 
Marland organization. It was during these last few years that van der Gracht 
became interested in and worked on the stratigraphic problem of the Great 
Salt Basin in West Texas and New Mexico, 

Shortly thereafter he returned to the Netherlands and in 1932 became di- 
rector of the Netherlands Bureau of Mines. 

Van der Gracht’s interest in geology covers a broad scope, as shown not 
only in the responsible positions he has held abroad and in the United States, 
but in his literary contributions, many of which have appeared in the Bulletin. 
Outstanding among his published works is “The Problem of Continental 
Drift” read at the Association’s mid-year meeting in New York, November, 
1926, when he led a symposium on continental drift. 

His interest in petroleum geology dates back many years. He was one 
of the original members of the Association which was organized in 1917. His 
articles on the subsurface geology of the Netherlands, the salt domes of north- 
western Europe, the North Sea Basin, the occurrence and production of pe- 
troleum in Germany, the Permo-Carboniferous orogeny in the United States, 
the salt domes of the Gulf Coast of Texas and Louisiana, Carboniferous floras 
of the United States and western Europe, and the geology of the Dutch East 
Indies are a few among many of his scientific contributions that make him 
one who has given distinguished service to petroleum geology. 
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His writings in several languages show him to be an exceptional linguist 
in Dutch, English, German, and French. 

His name is included in American Men of Science, a recognition well under- 
stood, although his scientific research has not been confined to one country 
or one continent. He is a member of the geological societies of America, 


W. A. J. M. vAN WATERSCHOOT VAN DER GRACHT 


Netherlands, London, France, Belgium, Germany, and Austria, the American 
Association for the Advancement of Science, the International Geological 
Congress, the Royal Academy of Amsterdam, the International Drilling Asso- 
ciation, the American Institute of Mining and Metallurgica] Engineers, and 
many other technical societies, 
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On April 25, 1936, he was elected a member of the Royal Academy of 
Sciences in the Netherlands and this was confirmed by royal decree on May 
15. Its membership is limited to 50 in that country. 

Van der Gracht is one for whom the Association can hold only the highest 
esteem and his election to its honorary membership expresses only in a conser- 


- 


EpWARD Oscar ULRICH 


vative way the importance of the part he has played in the progress of petro- 
leum geology. 


EDWARD OSCAR ULRICH 

Edward O. Ulrich was officially retired from the United States Geological 
Survey in 1932, after 35 years of service but he continues his interest and 
activity in geologica] problems in Washington, D. C., and elsewhere, 
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He was born in Cincinnati, Ohio, February 1, 1857. He attended Pulte 
and Ohio Medical Colleges, 1876-1878, and later received his A.M. in 1886 
and Ph.D. in 1892 from German Wallace University. 

The professional activities of Ulrich started very early in life when, at 
the age of 20, he became curator for the Cincinnati Society of Natural His- 
tory (1877-1879). In the years, 1880-1883, he was a superintendent of mines 
in Boulder County, Colorado. In 1885-1889 and 1891-1897, he was paleon- 
tologist for the geological surveys of Illinois, Minnesota, and Ohio; the inter- 
mediate years, 1889-1890, he was assistant geologist on the Kentucky Geolog- 
ical Survey. For 9 years (1888-1897) Ulrich was associate editor of the 
American Geologist. His long distinguished record on the United States 
Geological Survey dated from 1897 to 1932. While on the Survey, in 1914, 
he was appointed an associate in paleontology of the United States National 
Museum. 

Ulrich is an original fellow in the Geological Society of America. He has 
been president of both the Paleontological Society and the Washington Geo- 
logical Society. He is a member of the National Academy of Sciences, and a 
corresponding member of the Academy of Natural Sciences of Philadelphia 
and the Geological Society of Stockholm. 

Ulrich’s name was starred in the 1910 edition of American Men of Science 
for his work in geology. In 1930, the National Academy of Sciences awarded 
him the Mary Clark Thompson medal for distinguished service in geology 
and paleontology. In 1932, the Geological Society of America presented him 
with the Penrose medal for distinguished attainment and outstanding con- 
tributions to the achievements of the science of geology. 

In his work Ulrich has pioneered in many paleontologic fields. He was one 
of the first students of the stony Bryozoa and his work there is fundamental. 
He was one of the earlier students of conodonts and the classification set up 
in 1926 by him and Bassler is in extensive use. His work on Paleozoic ostra- 
codes led to a widely adopted classification. He has contributed to the basic 
principles of stratigraphy and has participated in the preparation of numerous 
areal and stratigraphic reports. At times he has taken a hand in such econom- 
ic papers as those dealing with copper deposits of Missouri and lead, zinc, 
and fluorspar of western Kentucky. At present extensive monographs on 
early Paleozoic cephalopods and brachiopods are approaching completion. 

Indeed, Ulrich is one who has untiringly devoted years of distinguished 
service to geology and achieved much in stratigraphy, invertebrate paleontol- 
ogy and paleogeography—all of which play important roles in the progress 
of petroleum geology. 


CLaRIcE B. STRACHAN 


Tusa, OKLAHOMA 
July, 1936 


a 
a 


THE ASSOCIATION ROUND TABLE 1269 


ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 
Ratru D. REED, chairman, Los Angeles, California 
Cuas. H. Row, secretary, San Antonio, Texas 
A. I. Levorsen, Tulsa, Oklahoma 
C. E. Dossry, Denver, Colorado 
L. C. Sumer, New York, N.Y. 


GENERAL BUSINESS COMMITTEE 


Artur A. BAKER (1938) H. B. Fuqua (1937) R. E. RETTGER (1938) 

R. F. BAKER (1937) L. W. Henry (1937) Cuas. H. Row (1937) 

A. BAKER (1937) Harotp W. Hoots (1938) G. W. SCHNEIDER (1937) 

Roy M. Barnes (1937) J. Hartan JoHNsON (1937) Scott (1937) 

Rosert L. CANNON (1937) James W. KiIstine, JR. (1937) E. F. SHEA (1937) 

C. G. CaRLson (1938) A. I. Levorsen (1937) L. C. SNIDER (1937) 

Ira H. Cram (1937) Tueopore A. Link (1937) Care J. STarForD (1937) 

Tuornton Davis (1937) Geratp C. Mappox (1937) J. D. Tuompson, Jr. (1938) 

Frank W. DeWotr (1937) J. J. Maucrnt (1938) Louis N. WATERFALL (1937) 

C. E. Dossin (1937) James G. MontcoMERY, JR. (1937) Gerawp H. Westsy (1937) 

J. Brian Esy (1938) KENNETH DALE OWEN (1937) Maynarp P. Wuite (1937) 
Rapa D. REED (1938) New H. WItts (1937) 


RESEARCH COMMITTEE 
Donatp C. Barton (1939), chairman, Humble Oil and Refining Company, Houston, Texas 
Haron W. Hoors (1939), vice-chairman, Union Oil Company, Los Angeles, California 
M. G. CHENEY (1937), vice-chairman, Coleman, Texas 


Rosert H. Dort (1937) Joun G. BarTRAM (1938) C. W. Tomirnson (1938) 
K. C. HEALD (1937) C. E. Dossrn (1938) GLENN H. Bowes (1939) 
F. H. Lawes (1937) STaNLEY C. HEROLD (1938) W. L. Gotpston (1939) 
H. A. Ley (1937) Tueopore A. Link (1938) W. C. SPOONER (1939) 
R. C. Moore (1937) C. V. MILLIKAN (1938) Parker D. Trask (1939) 
F. B. Prummer (1937) Joun L. (1938) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. LAHEE (1937) 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Tra H. Cram, chairman, Pure Oil Company, Tulsa, Oklahoma 


Joun G. BARTRAM G. D. HANNA Ep. W. Owen 

M. G. CHENEY M. C. IsRAELSKY J. R. REEVEs 

ALEXANDER DEUSSEN A. I. LEvorsEN ALLEN C. TESTER 

B. F. Hake C. L. Moopy W. A. THomas 
R. C. Moore 


TRUSTEES OF REVOLVING PUBLICATION FUND 
Rapa D. REED (1937) Ben F. Hake (1938) J. V. Howe 1 (1939) 


TRUSTEES OF RESEARCH FUND 
G. C. GesTER (1937) A. A. BAKER (1938) Avex W. McCoy (1939) 


FINANCE COMMITTEE 
E. DEGoLYER (1937) Tuomas S. Harrison (1938) W. B. Heroy (1939) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


FRANK RINKER CLARK, chairman, Box 981, Tulsa, Oklahoma 


H. Carey CRONEIS S. E. SLiprer 
Artuur BRAINERD H. B. Hii H. S. McQueen 
Ina BROWN Eart P. Hinves E. K. Soper 


Hat P. ByBEE Marvin LEE J. M. VETTER 
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#Memorial 


ROBERT BROOKS WHITEHEAD 


Robert Brooks Whitehead was born in Mount Pleasant, Michigan, in 
1889 and died in Detroit, Michigan, July 1, 1936, of heart trouble following 
an abdominal operation. He had been in poor health since an attack of in- 
fluenza in February and had been absent from his office for several months, 
but the operation was a very sudden development of which few of his friends 
had warning and his death came as a great shock to all. 

Expecting to make teaching his life work he attended the Central State 
Normal School at St. Joseph, Michigan, from 1910 to 1912 and obtained a 
Life Certificate. He remained loyal to his Alma Mater and only last year 
returned to the campus for its 40th anniversary and acted as toast master 
at the alumni banquet. After teaching for a while he went to the University 
of Chicago, obtained a Bachelor of Science degree in 1915, and completed one 
year of post-graduate work before entering the oil business in 1916. He was 
an equally ardent alumnus of the University of Chicago, as was everyone who 
came under the influence of Professor Rollin D. Salisbury. 

First employed by the Empire Gas and Fuel Company as a division chief 
in North Texas in 1916, he was placed in charge of their detail work in North 
Texas in 1917 and went to Kentucky in 1918 as assistant chief geologist for 
the company. In 1919, he became chief geologist for the Atlantic Oil Produc- 
ing Company, making his headquarters in Dallas, Texas, and held that posi- 
tion until his death. In only one or two other instances has this 17-year tenure 
as a chief geologist for a major oil company ever been exceeded. 

Of a notably intense and dynamic nature, his continuous scientific curio- 
sity and his tremendous mental and physical energy carried him far. A liberal 
and an experimenter, he pioneered in many of the new developments which 
have arisen in our profession in the past fifteen years. It was characteristic 
of his restless mentality to seize upon a new idea, to explore immediately its 
possibilities, and to adopt or discard it equally promptly. To few men have 
been given the taste and talent for investigation that he exhibited in his pro- 
fessional work and many other lines of inquiry, and he possessed to a high 
degree the happy faculty of communicating this energy and enthusiasm to 
those around him. 

Bob became a member of the American Association of Petroleum Geolo- 
gists in 1919, just two years after its inauguration, and from that date on was 
an active member in every sense of the word. It was he who first mentioned 
to the writer the idea of a full-time paid secretary from among the ranks of the 
geological profession, which plan has proved so very successful in the develop- 
ment of the Association. It was he who first advocated a centrally located 
office with a library, museum, and personnel records to aid in employment 
activities. It was he who sponsored so ably the addition of some light enter- 
tainment features to relieve the strain of long technical programs at our an- 
nual meetings. Few who were present will ever forget the “‘operetta’”’ which 
he staged at the Houston meeting in 1924, and no one will ever forget his lyric 
“When They Strike Oil on My Daddy’s Farm.” 

He was married in the fall of 1917 to Miss Sophia Hudson at Dallas, 
Texas, and they had one child, Robert Brooks Whitehead, Jr., now 18. 
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After her death in 1924, Bob devoted his life to the care and rearing of little 
Bobby. Those of us who know the difficulties of an oil geologist as a family 
man are impressed with the success he attained in this regard. He built a 
beautiful residence in Highland Park, Dallas, and made an excellent home for 


RosBERT Brooks WHITEHEAD 


his father, until the latter’s death last winter, and for his son, in spite of the 
demands upon his time for field trips. This was his outstanding memorial 
and we rejoice that he could attend his son’s graduation from high school 
last month. 


J. Etmer THoMAS 
Houston, TExas 
July 16, 1936 
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WILSON KEYES 


Wilson Keyes was born on April 8, 1901, in Morton, Missouri, and died 
in Midland, Texas, on June 6, 1936. His death resulted from an automobile 
accident near Midland. 


Witson KEvEs 


He is survived by his widow, Evelyn Warwick Keyes, formerly of Stam- 
ford, Texas, and now of Midland, his parents, Mr. and Mrs. George Keyes, 
and one brother, Marshall Keyes, of Colorado Springs, Colorado. 

Wilson entered the Missouri School of Mines in the fall of 1919, majoring 
in geology and mining engineering and receiving his B.S. degree in 1922. 
After graduating he practiced general mining work in Colorado with the Mid- 
night Mining Company. Later he became associated with the Sinclair Oil 
Company in Oklahoma in the geological department. 
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Coming to West Texas in 1923, Wilson was connected with the Trans- 
continental Oil Company, the California Oil Company, and the Simms Oil 
Company. In 1928, he located in Midland as a consulting geologist. In 1933, 
he joined the Department of Interior, Division of Investigations, located in 
Tyler, Texas, and in 1934 he became associated with Harry Adams, inde- 
pendent oil operator. Shortly before his death he and his associates opened a 
new pool in Winkler County, Texas, which bears his name. 

Wilson was an untiring and intelligent worker, generous and devoted to 
his family and friends. He was a member of the Baptist Church, was an active 
member of the American Association of Petroleum Geologists, and various 
West Texas oil organizations, and was also a member of the Pi Kappa Alpha 
social fraternity. 


Cary P. BUTCHER 
Mrptanp, TEXAS 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF 
THE PROFESSION 


Henry J. HAWLEY, assistant manager of the California Company, Dallas, 
Texas, has been named general manager of the company, succeeding R. H. 
Morrison, who has been transferred to New York where he will be connected 
with the California Texas Oil Company, Ltd. 


JosepH M. Witson has moved from San Antonio, Texas, to 2410 
Wichita, Houston, Texas. 


Harotp E. Boyp, petroleum geologist, has an office in Room 733, Federal 
Reserve Bank Building, San Francisco, California. 


WALLACE RALsTON, district geologist for the Sun Oil Company in the 
East Texas district, is being transferred from the Tyler office to the Dallas 
office. E. B. Wr1Lson will replace Ralston as district geologist in East Texas. 


W. P. Hayngs is returning to the United States after a period of 14 years 
in Europe, during which time he had his headquarters in Paris from 1922 to 
1932 and in London since 1932. After spending 3 months at his home in Box- 
ford, Massachusetts, his address will be The Standard Oil Company of New 
Jersey, 30 Rockefeller Plaza, New York City. 


Gorpon W. Her has returned to the United States after more than 7 
years with the Standard Oil Company of New Jersey in the East Indies. 
His address is 3705} Momon Street, Hollywood, California. 


Tuomas N. Roserts, recently with the Ramsey Petroleum Corporation 
at Oklahoma City, and the Seismograph Service Corporation at Tulsa, has 
accepted a position in the geological department of the Mid-Continent Pe- 
troleum Corporation at Tulsa, Oklahoma. 


GrEorGE M. HA_t, of the geological faculty of the University of Tennessee 
at Knoxville, was with the ground-water division of the United States Geo- 
logical Survey at Washington, D. C., during the summer. 


ALEXANDER P. Karprnsky, honorary chairman of the 17th International 
Geological Congress (Moscow, 1937), and president of the All-Union Acad- 
emy of Sciences, died on July 15 at the age of 90 years. He was born at Perm, 
Russia, and contributed to the knowledge of the Permian system. 


The fall meeting of the American Institute of Mining and Metallurgical 
Engineers, Petroleum Division, will be held at Fort Worth, Texas, October 
8-9. The Mexico City meeting of the Institute will be held November 9-15. 
The Hotel Geneve is the headquarters. 


The annual meeting of the American Petroleum Institute will be held at 
Chicago, Illinois, November 9-12. 
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CorNELIUS SCHNURR, geologist for the Mid-Continent Petroleum Corpo- 
ration, has been transferred from Midland, Texas, to the Gulf Coast district 
and will make headquarters in Houston. 


G. C. Crark, chief geologist of the Continental Oil Company, Ponca 
City, has been made head of the geological division and L. F. Arny, chief 
geophysicist, is in charge of the geophysical division, since the resignation of 
H. K. V. Tompxins, who was manager of the lands and exploration depart- 
ment east of the Rocky Mountains. 


Grant W. Corsy and HERBERT C. Hoover, Jr., have formed the United 
Geophysical Corporation. Its offices will be maintained at 405 Signal Oil 
Building, Los Angeles, California, and the laboratories will be in Pasadena. 


ArtHuUR W. Duston, president of the Commonwealth Royalties, Inc., 
is continuing his consulting practice at 415 Philcade Building, Tulsa, Okla- 
homa. His work as consulting geologist is largely in the Mid-Continent region. 


FRANK RINKER CLARK, formerly chief geologist of the Marathon Oil 
Company, has been elected vice-president of the Ohio Oil Company. Through 
corporate reorganization, the Marathon ceases except as a trade name. 


J. L. Maruteu presented a paper, “Latest Development of Schlumberger 
Methods in West Texas,” before the West Texas Geological Society, Midiand, 
Texas, August 22. 


NELSON B. PorrTeR is now employed by the Mid-Continent Petroleum 
Corporation with headquarters at Tulsa. 


H. N. Fisk and W. Lrevincston have been mapping the geology of La 
Salle and Grant parishes, and JoHN HuneER, JR., has been mapping the ge- 
ology of the adjacent Winn and Caldwell parishes, Louisiana, for the Louisi- 
ana State Geological Survey. 


C. K. Morest, State geologist of Louisiana, at New Orleans, announces 
that Bulletin 7, “Louisiana Vicksburg Ostracoda,” will be ready for distribu- 
tion in the latter part of 1936. 


Henry V. Howe, director of the research division of the Louisiana State 
Geological Survey, at Baton Rouge, delivered a lecture on “Louisiana Pe- 
troleum Stratigraphy,” before the Lake Charles Geological Society, July 6. 
The report will be included in the Handbook of Louisiana Minerals which will 
be published by the State Department of Conservation. 


Lioyp WEst is in the geological department of the Seaboard Oil Company 
at Dallas, Texas. 


A. B. Gross, recently with the Ramsey Petroleum Company at Okla- 
homa City, has joined the geological staff of the Mid-Continent Petroleum 
Corporation at Tulsa, Oklahoma. 


WALTER M. SMALL has moved from Vienna, Austria, to Cairo, Egypt, 
No. 11 Sharia Antikhana. 


GRANT W. SPANGLER of the Stanolind Oil and Gas Company has been 
transferred from Shawnee to Enid, Oklahoma. His address is Box 814. 
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BrapForpD BisHop of Long Beach, California, has moved to 571 California 
Terrace, Pasadena, California. 


Recently elected officers of the Panhandle Geological Society, Amarillo, 
Texas, are: president, Joun E. Gattey, Shell Petroleum Corporation, 
Amarillo; vice-president, DANA M. Secor, Skelly Oil Company, Pampa; 
secretary-treasurer, G. L. Knicut, Phillips Petroleum Company, Box 665, 
Amarillo. 


Max W. Ba Lt reports that most of his time is devoted to the Athabaska 
oil-sand enterprise, Abasand Oils Limited, 703 Northern Ontario Building, 
Toronto, Canada. Their first commercial unit is at Fort McMurray and they 
expect to be turning out gasoline, distillates, and asphalts this fall. 


Science Service, Washington, D. C., was organized in 1921 as a non-profit- 
making corporation to disseminate scientific information to the public. Its 
controlling board of trustees is composed of nine scientists and six journalists. 
The National Academy of Sciences, the National Research Council, and the 
American Association for the Advancement of Science appoint three trustees 
each. As one of the means of popularizing science, Science Service publishes 
the Science News Letter. In the May 1 issue of Science (official organ of the 
American Association for the Advancement of Science), Watson Davis, di- 
rector of Science Service, writes of ‘‘Microphotographic Duplication in the 
Service of Science.’’ “‘As one of its science research aid activities, Science 
Service has organized a Documentation Division for the development of 
microphotographic duplication mechanisms, and the experimental operation 
of two services in scientific documentation: Bibliofilm Service, in codperation 
with the Library of the U. S. Department of Agriculture, and the auxiliary 
Publication Service, operated in coéperation with scientific journals.’’ The 
typed or printed page is photographed down to 35-millimeter film. The micro- 
film costs the user about a cent a page. Enlargement, or photocopy, is sup- 
plied for approximately 5 cents a page. Mechanisms are being developed to 
read directly from the microfilm, without photographic enlargement. Biblio- 
film Service copies, to order, material in the Library of the United States 
Department of Agriculture. It is hoped to extend this service to other libra- 
ries. The Publication Service accepts from editors of journals articles which 
they can not publish promptly or completely. The editors publish abstracts 
and refer the readers to Science Service, if a microfilm of the complete article 
is desired. Inquiry about the service may be directed to Science Service, 
2101 Constitution Avenue, Washington, D. C. 


The San Antonio Geological Society’s mid-year field trip and technical 
meeting will be held October 16-17. The field trip will be devoted to the sur- 
face Claiborne in Atascosa, Frio, and Zavalla counties. It will start at Pleasan- 
ton, Atascosa County, thence to Charlotte and Pearsall where a study of the 
stratigraphy and structural features of the Pearsall field will be made. The 
trip will end at Carrizo Springs, Dimmit County. The program will be held 
in Eagle Pass, Saturday, October 17. Six papers, generally selected in view 
of the present development for Cretaceous oil, will be given. Further informa- 
tion may be obtained from ADOLPH DOVRE, president, 710 Milam Build- 
ing, San Antonio, Texas. 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 1852, Tulsa, Oklahoma 


CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 
Petroleum Engineer 


1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 


415 Haas Building 
LOS ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


by Foraminifera 
d Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


R. McCOLLOM 
Consulting Geologist 


Richfield Building 
Los ANGELES, CALIFORNIA 


WALTER STALDER 
Petroleum Geologist 


925 Crocker Building 
SAN FRANCISCO, CALIFORNIA 


IRVINE E. STEWART 
Consulting Geologist 


548 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


JACK M. SICKLER 
Geologist 


Pacific Mutual Building 
Los ANGELES, CALIFORNIA 


COLO 


RADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


— Instruments — 
— Surveys — Interpretations — 
C. A. HEeILaAND Club Bldg. 
President Denver, COoLo. 


JOHN H. WILSON 
Geologist and Geophysicist 


Colorado Geophysical Corporation 
610 Midland Savings Building, Denver, CoLorapo 
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CZECHOSLOVAKIA 


DR. HANS HLAUSCHEK 
Consulting Geologist 


Prague XVI, nabr. legif 10 
CZECHOSLOVAKIA 


R. B. (IKE) DOWNING 
Geological Engineer 
Pipe setting—Drilling in—Sample determinati 
Surface and’ Subsurface Geology 
Magnetic Surveys 


Union National Bank Bldg. WICHITA, KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 
Specializing in Acid-Treating Problems 


358 North Dellrose 
WicuitTa, KANsAs 


LOUISIANA 


J. Y. SNYDER 


1211 City Bank Building 
SHREVEPORT, LOUISIANA 


No Commercial Work Undertaken 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


NEW MEXICO 


NEW YORK 


RONALD K. DeFORD 
Geologist 


ROSWELL 
New Mexico 


MIDLAND 
TEXAS 


NEW YORK 


BROKAW, DIXON & McKEE 
Geologists Engineers 
OIL—NATURAL GAS 
Examinations, Reports, Appraisals 

Estimates of Reserves 
120 Broadway Gulf Building 
New York Houston 


FREDERICK G. CLAPP 


Consulting Geologist 


50 Church Street 
NEW YORK 


A. H. GARNER 
Geologist Engineer 


PETROLEUM 
NATURAL GAS 


120 Broadway New York, N.Y. 


OHIO 


PENNSYLVANIA 


JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 


HUNTLEY & HUNTLEY 


Petroleum Geologists 
and Engineers 


L. G. HuNTLEY 
J. R. Jr. 


Grant Building, Pittsburgh, Pa. 
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OKLAHOMA 


ELFRED BECK 
Geologist 


614 National Bank of Tulsa Building 
TULSA OKLAHOMA 


GINTER CHEMICAL 
LABORATORY 


Analytical Work on 
Oil, Gas, Water and Cores 


118 West Cameron 
Tulsa 


R. W. Laughlin L. D. Simmons 


WELL ELEVATIONS 
Oklahoma, Kansas, Texas, and 
New Mexico 
LAUGHLIN-SIMMONS & CO. 
605 Oklahoma Gas Building 
OKLAHOMA 


GEO. C. MATSON 
Geologist 


Philcade Building 


G. H. WESTBY 


Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


MID-CONTINENT TORSION BALANCE SURVEYS 
INTERPRETATIONS 


H. KLAUS 
Geologist and Geophysicist 


Enid, Oklahoma 


402 Broadway Tower Phone 4897 


TEXAS 


DONALD C. BARTON 
Geologist and Geophysicist 
Humble Oil and Refining 
Company 


HOUSTON 


D’ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 


Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


E. DEGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1606 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 


Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


F. B. Porter 
President 


R. H. Fash 
Vice-Presidem 

THE FORT WORTH 

LABORATORIES 


Analyses of Brines, Gas, Minerals, Oil. Inter- 
pretation of Water Analyses. Field Gas Testing. 


82814 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 
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TEXAS 
J. S. HuDNALL G. W. Prtie 
HUDNALL & PIRTLE 
Petroleum Geologists 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 
W. P. JENNY 
JOHN S. IVY Geologist and Geopbhysicist 
United Gas System Gravimetric Seismic 
Magnetic Electric 
921 Rusk Building, HOUSTON, TEXAS Surveys and Interpretations 
2102 Bissonett HOUSTON, TEXAS 


PHILLIP MAVERICK 
Petroleum Geologist 


Western Reserve Life Building 
SAN ANGELO TEXAS 


DABNEY E. PETTY 
Geologist 


P. O. Drawer 1477 SAN ANTONIO, TEXAS 


E. E. Rosaire F. M. Kannenstine 


ROSAIRE & KANNENSTINE 
Consulting Geophysicists 
Specializing in 
Seismograph Explorations 
Esperson Building HOUSTON, TEXAS 


A. T. SCHWENNESEN 
Geologist 


1517 Shell Building 
HOUSTON TEXAS 


OLAF F. SUNDT 
Geologist and Geophysicist 
Specializing in Gravity Work 
Sterling Buildi Phone Preston 


W. G. Savittz J. P. SchumacHer A. C. PaGaNn 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


WYOMING 


E. W. KRAMPERT 
Consulting Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL 


COLORADO KANSAS 
ROCKY MOUNTAIN KANSAS 
ASSOCIATION OF PETROLEUM GEOLOGICAL SOCIETY 
GEOLOGISTS WICHITA, KANSAS 
DENVER, COLORADO President - R. H. Whortan 
President - Ross L. Heaton Vice- 7703, Fourth National “Bank Buildin Roop 
2374 E treet Gh. Union “National uo Building 
Vice-President - ould Toepelman O. Smedley 
Vice-Presi eniy ¢ of Colorado, ou Ww W. Oborne Skelly Oil Company, 510 Ellis Singleton Building 
Box 57, Colorado Springs Regular Meetings: 7:30 P.M., Allis Hotel, first 


Secretary-Treasurer Harlan Johnson 
Box 336, Calesaie School of ‘Mines, Golden, Colo. 


Luncheon meetings, first and third ptondeys of 
each month, 6:15 P.M., Auditorium Hotel. 


Tuesday of each month. Visitors cordially wel- 
comed. 


The Society sponsors the Kansas Well Log Bureau 


which is located at 412 Union National Bank 
Building. 


LOUISIANA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - Paul E. Nash 
Magnolia Petroleum Company 
Vice-President B. W. Blanpied 

Gulf Refining Company 
Secretary-Treasurer - - Shapleigh G. Gray 
The Texas Company 


Meets the first Friday of every month, Civil Courts 
Room, Caddo Parish Court House. Luncheon every 
Monday noon, Caddo Hotel. 


THE SOCIETY OF 
PETROLEUM GEOPHYSICISTS 


President L. W. Blau 
Humble Oil and Refining Company 
ouston, Texas 


Vice-President - - Gerald H. Westby 
Service Corporation 
Tulsa, Oklahoma 
Editor - - . M. Kannenstine 
Rosaire and Kannenstine 
2011 Esperson Building 
Houston, Texas 
John H. Wilson 
orado Geo sical. Corporation 
610 Midlan davings Building 
Denver, Colorado 


OKLAHOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - W. Laughlin 
First National. Building 


Vice-President - - Leland W. Jones 
Ohio Oil Company 


Secretary- Henry Schweer 
810 First National Building 


Meetings: Second Monday, each month, 8:00 P.M., 
Commerce Exchange Building. Luncheons: Every 
Monday, 12:15 p.M., Commerce Exchange Building. 


SHAWNEE 
GEOLOGICAL SOCIETY 


SHAWNEE, wa 


President W. D. Henderson 
Stanolind Oil and Gas Company 
Vice-President - W.H. Wynn 


Sinclair-Prairie Oil and Gas 


Secretary-Treasurer W. O'Keeffe 
illips Petroleum 


Meets the fourth Monday of each month at 7:00 
P. _m , at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - Joseph L. Borden 
The Pure Oil Cesipeny 


Vice- - Constance Leatherock 
he Tide “Water Oil Company 


-_  R. V. Hollingsworth 
Shell Petroleum Corporation, Box 1191 


Meetings: Second and fourth Wednesdays, ba 
—, from October to May, inclusive, at 8:00 
, third floor, Tulsa Building. 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, 
President - R. B. Rutledge 


Skelly Oi! Company 
1st Vice-President G. S. Lambert 
cian H. Walker 


, hell Petroleum Co ration 
2nd 
614 Atlas Life a 
Secretary-Treasurer - arry D. Simmons 
klahoma Natural Gas Paildiag 
Redfield 


Editor-_ - - 

Stanolind Oil and Gas 
Meetings: First and third Mondays, each month, 
from October to May, inclusive, at 8:00 P.M., 
fourth floor, Tulsa Building. Luncheons: Every 
Thursday, fourth floor, Tulsa Building. 
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SOCIETIES 


For Space Apply to A.A.P.G. Headquarters 


Box 1852, Tulsa, Oklahoma 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 
j Haw 


Vice-President - - - - + Charles B. Carpenter 
U. S. Bureau “of Mines 


- - R. A. Stehr 
‘exas Seaboard Oil Company 


Meetings will be announced. 


FORT WORTH 
GEOLOGICAL SOCIETY 


FORT WORTH, TEXAS 


President - - -_ Norman L. Thomas 
The Pure Oil Company 


Vice-President - - - J. F. Hosterman 
Amerada Petroleum Corporation 
eed - Paul C. Dean 


8 W. T. Waggoner Building 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive com- 
mittee. Visiting geologists are welcome to all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - - Merle C. Israelsky 
United Gas Company 


Vice-President - Phil F. Martyn 
Houston Oil “Company of Texas 


Secretary-Treasurer Brace 
Nutional Bank Bulding 


Regular meetings, every Thursday at noon (12:15) 
at the "Club. Frequent special meetings 
called by the executive committee. For any par- 
ticulars pertaining to meetings call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - ‘om L. Coleman 
United "States Geological 
Vice-President - - Robert Roth 


Humble Oil and “Refining ‘Company 


Secretary-Treasurer Ss. G. 
2013 Brown “Street” 


Meetings: Second Friday, each month, at 6:30 P 
Luncheons: Fourth Fri fay, each month, at 12: 13 
P.M. 

Place: Hamilton Building 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 


:+++;H. J. McLellan 
Humble Oil and Refining Company 


J. W.. Kisling, Jr. 
Amerada Petroleum Corporation 


Secretary-Treasurer Some 
Hudnall and Pirtle, Consulting 

Meetings: Monthly and by call. 

Luncheons: Every Friday, Cameron’s Cafeteria. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


SAN ANGELO AND MIDLAND, TEXAS 
President - + Russell Lloyd 
Box 1106, Midland 


Vice-President - - Moore 
Consulting Geologist, San vale 


Secretary-Treasurer - Arick 
Humble Oil and Refining 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 


President _- Billings! 
Commonwealth Gas 
401 Union Building 


Vice-President - Charles E. Krebs 
Consulting Geologist ‘and Engineer 
Treasurer - _+ Robert C. Lafferty 


Libbey-Owens Gas Department, Box 1375 


each month, at 6:30 
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WE LL LO GS Refer your Well Log Problems 


to Specialists 


Write for samples 


THE MID-WEST PRINTING CO., BOX 766, TULSA, OKLAHOMA 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing Complete Reproduction Plant 


W. & L. E. Gurley ‘ 
Spencer Lens American Paulin Instruments Repaired 


12 West Fourth Street, Tulsa, Oklahoma 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
‘et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 


Abstract journal published monthly with the codperation of the FONDATION UNIVERSITAIRE DE 

BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 

tion of several scientifie institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologie, 35, Rue des Armuriers, Liége, Belgium. 


Subscription, Vol. XVI (1936), 35 belgas Sample Copy Sent on Request 


The Annotated 


ELECTRONIC 
EQUIPMENT 


Orders are now being taken for the 


numbers at each. olumes 
IfI, IV, V, VI, and VII can still be ob- RADICTELPHONE AND 
| tained at $5.00 each. TELEGRAPH EQUIPMENT 
1 The number of entries in Vol. I is 
1,756. Vol. II contains 2.480, Vol. III, 
2,260, Vol. IV, 2,224, Vol. V, 2,225, Vol. DESIGN 
VI, 2,085, and Vol. VII, 2,166. CONSTRUCTION 
Of these 3,969 refer to petroleum, gas, REBUILDING 
a ae geophysics. They cover the REPAIRING 
wor 


If you wish future numbers sent you 


— kindly give us a continuing WM. H. C ARTER, JR. 
5517 Almeda-Houston 
; Economic Geology Publishing Co. Phone Had. 8261 


Urbana, Illinois, U. S. A. 
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“The Bank Where Oil Men Feel at Home” 


THE 
FIRST NATIONAL BANK AND TRUST COMPANY 


FORTY-ONE YEARS OF CONSTRUCTIVE BANKING IN TULSA 


REFLECTION 
SEISMOGRAPH 
SURVEYS 


THE GEOTECHNICAL CORPORATION 


902 Tower Petroleum Bldg. 
Telephone LD 711 Tones 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Einfuhrung in die Geologie, ein Lehrbuch der inneren Dynamik, von 


Professor Dr. H. Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbil- 
dungen (XII und 503 Seiten) 1936 Gebunden RM 24.—* 


Lehrbuch der physikalischen Geologie, ...... b:. Robert Schwinner, 


Professor fiir Geologie an der Universitat Graz. Band I. Die Erde als 
Himmelskorper. Mit 62 Figuren und 1 Tafel (XII und 356 Seiten) 
1936 Gebunden RM 16.—* 


Die neuere Entwicklung in der Geologie szielt dahin, die Ergebnisse 
der Physik mehr und 6fter heranzusiehen und starker aussunutzen als 
bisher; so fiir Grundlagen, Theorie und das Weltbild im allgemeinen, aber 
auch in nicht geringem Maf fiir besondere Aufgaben des praktischen 
Lebens (geophysikalische Verfohren im Bergbau usw.) Das Buch will 
dieses Material dem Geologen zugdnglich machen. Es ist etwa als zweiter 
Lehrgang gedacht, folgend auf eine Einleitungsvorlesung oder das 
Selbststudium eines elementaren Lehrbuches. 


*Der deutsche Preis ermassigt sich fiir das Ausland mit Ausnahme der Schweiz und Palastina um 25% 


Ausfihrliche Prospekte Einzelwerke kostenfrei 


xvi 
OF TULSA 
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The magnetometric methods we have pioneered 
and perfected during the past nine years have been 
utilized successfully in Alabama, Arkansas, Cali- 
fornia, Florida, Georgia, Louisiana, Mississippi, 
New Mexico, Oklahoma and Texas. 


These methods have been used to locate anticlines, 
salt-dome structures, uplifts underlain with igneous 
material, and faults; to map the structure of sedi- 
mentary formations, and to determine the depth 
and configuration of the Basement Complex. 


We will be pleased to discuss with you the advis- 
ability of including our geophysical service in your 
exploration program. 
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Have You Bought Your Copy? 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS 
VOLS. I-II 


PRICE, $5.00 EACH, TO MEMBERS AND ASSOCIATES 


This valuable collection of geological data is increasing the enviable scientific reputation of 
the Association. It is a distinctive publication. Only a few of these important papers are pub- 
lished in the Bulletin. Members and associates have the opportunity of securing one of these 


books at $5.00 per copy. 


Volume I, 510 pp., 190 illus. Cloth. Price to non-members, postpaid, $7.00 
Volume II, 780 pp., 235 illus. Cloth. Price to non-members, postpaid, $7.00 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U. S. A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 


GEOLOGY OF 
NATURAL GAS 


Edited by Henry A. Ley 


A comprehensive geologic treatise of the oc- 
currence of natural gas on the North Ameri- 


can Continent. 
® 
1227 pages 


250 illustrations 
Bound in cloth. 6 x 9 x 2 inches 


$4.50 Postpaid 
$6.00 to non-members 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
Box 1852, Tulsa, Oklahoma 


“Petroleum” 


Magazine for the interests of the whole 
Oil Industry and Oil Trade. 


Subscription (52 issues per annum) $18 


“Tagliche Berichte 
iiber die Petroleumindustrie” 
(“Daily Oil Reports.”’) 


Special magazine for the interests of the whole 
Oil Industry and Oil Trade 


Subscription: $36 


VERLAG FOR FACHLITERATUR 
Ges.m.b.H. 
BERLIN SW. 68, Wiihelmstrasse 147. 
VIENNA XIX/1, Vegagasse 4. 
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Reflection 


Seismic Surveys 


INDEPENDENT EXPLORATION 
~ 
| ESPERSON BLDG. COMPANY HOUSTON. TEXAS 
| ™ on” 
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In Addition to publishing 


246 Engineering 
and Technical 
Articles 


in 1935, THE OIL WEEKLY carried 
weekly field reports on all important 
fields, oil-field maps showing geological 
data, an interpretation of the week’s news, domestic and foreign developments of 
importance, editorials, markets, and statistics. Also a series on various district 
Crude Oil Reserves was introduced which is to be continued in future issues and 
eventually will cover every important area in the United States. 


THE OIL WEEKLY is proud of its large circulation and growing popularity 
among petroleum geologists because it indicates that they are pleased with the up- 
to-date and accurate information as well as the technical articles covering geological 
work. 


If you are not a subscriber, we invite you to use the coupon below. One year— 
52 issues—only $2.00. 


THE OIL WEEKLY, 
Be sure to indicate your Post Office Drawer 2811, Houston, Texas 


company and position— Enter my subscription to THE OIL WEEKLY for which 


: _ | you will find enclosed check for $2.00 for one year. 
It will prevent delay in 


entering your subscrip- 
tion. 
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—_— seismograph service not only 
requires men and equipment but must be 
supplemented by organization and re- 
search. 

The Western Geophysical Company pro- 
vides all the factors for successful reflec- 
tion surveys — accurate instruments, 
trained personnel, adequate supervision 
and a completely equipped research labor- 
atory. 


—All at your service— 


WESTERN GEOPHYSICAL COMPANY 


PETROLEUM SECURITIES BLDG. PHILCADE BLDG. 
LOS ANGELES, CALIF. TULSA, OKLAHOMA 
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A New A.A.P.G. Book 


GEOLOGY 


OF THE 


TAMPICO REGION 
MEXICO 


By JOHN M. MUIR 


Member, The American Association of Petroleum Geologists 
Member, The Institution of Petroleum Technologists 


CONDENSED TABLE OF CONTENTS 


PART I. INTRODUCTORY. History. Topography. Drainage. (Pages 1-6.) 

PART II. STRATIGRAPHY AND PALAEOGEOGRAPHY. Palaeozoic. 
Mesozoic. Tertiary. (7-142.) 

PART III. IGNEOUS ROCKS AND SEEPAGES. Asphalt. Oil. Gas. (143-158.) 

PART IV. GENERAL STRUCTURE AND STRUCTURE OF OIL FIELDS. 
Northern Fields and Southern Fields: Introduction, Factors Govern- 
ing Porosity, Review of Predominant Features, Production, Descrip- 
oD — Pool and Field, Natural Gas, Light-Oil Occurrences. 

-225.) 

APPENDIX. Oil Temperatures. Salt-Water Temperatures. Well Pressures. Strip- 
ping Wells. Shooting and Acid Treating. Stratigraphical Data in Mis- 
cellaneous Areas. List of Wells at Tancoco. (226-236.) 

BIBLIOGRAPHY (237-247). LIST OF REFERENCE MAPS (248). GAZET- 
TEER (249-250). 
INDEX (251-280). 


“A volume that will mean the saving of countless hours of research to future workers in the 
bay ag  egpeeealiaes W. Stephenson, of the United States Geological Survey, in his introduction 
to the OK. 

“This book deals primarily with the geology of the Tampico embayment, but the author has 
viewed his objective with a broad perspective and presents the oil fields of that area against a 
background of the geologic history of Sie. . . . [It] is an authoritative work by an expert on 
an area which has been one of the most important oil-producing regions of the world. The excellent 
areal 9 ~~ the Tampico embayment and the structure maps of the oil fields are significant 
contributions to Mexican geology. The extensive faunal lists from definite localities in each forma- 
tion will be welcomed by students of earth history who seek to correlate the events in Mexico with 
the panorama of geologic development throughout the world.”—Lewis B. Kellum, of the Univer- 
sity of Michigan, in Bull. Amer. Assoc. Petrol. Geol. 

“As a contribution to stratigraphy, this book is conspicuous for its discriminating and penetrating 
my ony = aay Jeanne Plummer, of the University of Texas Bureau of Economic Geology, 
in Jour. Paleon. 


© 280 pages, including bibliography and index 

© 15 half-tones, 41 line drawings, including 5 maps in pocket 
® 212 references in bibliography 

© Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches 


$4.50, post free 
$3.50 to A.A.P.G. members and associates 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 
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“There Can Be No Finer Map 
Than a Photograph of 
the Land Itself” 


EDGAR TOBIN 


SAN ANTONIO, TEXAS 
Pershing 9141 


AERIAL SURVEYS 


HOUSTON, TEXAS 
Lehigh 4358 


JOURNAL OF 
PALEONTOLOGY 


Eight numbers due to appear in 1936. The 
only American journal devoted to this 
field. Subscription: $6.00 per year. 


JOURNAL OF 
SEDIMENTARY 
PETROLOGY 


Three numbers due to appear in 1936. Sub- 
scription : $3.00. These publications of the 
Society of Economic Paleontologists and 
Mineralogists should be in the library of 
all working geologists. Write Gayle Scott, 
Texas Christian University, Fort Worth, 
Texas. 


THE SOCIETY OF PETROLEUM 
GEOPHYSICISTS 
Articles scheduled for publication in Geo- 
physics, Vol. I, No. 3 (October, 1936). 


an of Company Owned Operations since 
E. E. Rosaire and K, Ransone 


An Experimental Study of the Elastic Proper- 


Interstitial Water Saturation in the Pore Space 
J. A. Lewis and W. L. Horner 


The Seismic Electric Effect...R. R. Thompson 
A Simplified Circuit of the Seismic Electric 


Method and Its Steady State 
M. M. Slotnick 


Effect of the Development Time and Developer 
Temperature on the Production of Photo- 
graphic Seismograph Records............ 


On Seismic Computation II—..M. M. Slotnick 


And other pa sho of timely interest. Subscrip- 
tion price: 00 per _— (to non-members), 
$3.00 per copy. Order from J. H. Wilson Sec. 
retary-Treasurer, 610 Midland Savings Bidg., 
Denver, Colorado. 


DO NOT FORGET 
The Fall meeting of the Society will be held 
in Houston, November 20-21, 1936 (Friday 
and Saturday). 
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1935 


1936 


1936 


IS YOUR SET OF A.A.P.G. BULLETINS AND 
BOOKS UP-TO-DATE? 


Structure of Typical American Oil Fields. Symposium on relation of 

oil accumulation to structure. By many authors. In 2 volumes. 1,290 

pp. 425 illus. 9x6 inches. Cloth. To members and associates, $10.00. 
ither volume at half these prices 

Stratigraphy of Plains of Southern Alberta. 14 articles reprinted from 

ee meee Bulletin of October, 1931. 166 pp., 60 illus. 9x 6 inches. 


Geology of California. By Ralph D. Reed. 355 pp., 29 half-tones, 33 
line drawings, 26 tables. 9x 6 inches. 
Problems of Petroleum Geology. Symposium on origin, migration, 
accumulation, porosity, permeability, compaction, waters, tempera- 
tures. By many authors. 1,073 pp., 200 illus. 9x6 inches. Cloth. To 
Geology of Natural Gas. Symposium on occurrence and geology of 
natural gas in North America. By many authors, 1,227 pp. 250 illus. 
9x6 inches. Cloth. To members and associates, $4.50................ 
Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 
15 half-tone plates, 41 line drawings, 9 tables. 6x9 inches. Cloth. To 
Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 
authors. Chiefly papers reprinted from the Association Bulletin of 1933- 


1936 gathered into one book. 1,100 + pp., 292 figs., 19 half-tone pls. 
6x9 inches. Cloth 


Bulletin of The American Association of Petroleum Geologists. 


Official monthly publication. Each number, approximately 100 pages 
of articles, maps, discussions, reviews. Annual subscription, $15.00 
(outside United States, $15.40). Descriptive price list of back numbers 
on request. 


The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma 


3.00 


5.00 


6.00 


6.00 


4.50 
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THE GEOLOGIST 
WILL APPRECIATE 


The Petroleum Geologist will appreciate the new B & L Wide Field Microscope because 
it answers so completely his requirements for an instrument which will give him the high- 
est degree of performance and at the same time has the ability to stand the hard knocks en- 
countered in field work.* 


The New AKW retains the exceptional wide field, the three dimensional effect and the unre- 
versed, erect image of the previous model but it now has several new features which im- 
prove its performance and lasting qualities. 


For complete details on the New AKW Wide Field Microscope, write to Bausch & Lomb 
Optical Co., 610 St. Paul Street, Rochester, N. Y. 


* For field work a suitable carrying case is available. 


WE MAKE OUR OWN GLASS TO FOR YOUR GLASSES, INSIST ON Bal 
INSURE. STANDARDIZED PRODUCTION ORTHOGON LENSES AND B & L FRAMES 


Ths 
‘A 
| 
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TULSA, The World’s Oil Capital 


Where one can find a greater concentration of major oil company head- 
quarters than in any other city in America. And the Petroleum Geologist 
knows that this means executive offices and operating headquarters—the 
source of geological assignments. 


v 


* TULSA is National Headquarters for the leading associations of the oil 
industry, including the A.A.P.G., and is ideally situated as a convention 
city for these great oil organizations. Residents of Tulsa come in personal 
contact with leaders of all branches of the industry many times a year. 


*® TULSA is the home of the great International Petroleum Exposition, 
which attracts many thousands of oil men, and is the world’s greatest an- 
nual concentration of leaders in the industry. 


® The Technical Department of the Tulsa Public library is the world’s most 
comprehensive petroleum library. For many years this department has 
purchased every new book on petroleum and gas, has complete files of 
64 technical journals and of the publications of the U.S.G.S., the U. S. 
Bureau of Mines, and all state geological reports. 


® TULSA is a metropolitan city, with superior public schools, fine churches, 
2,500 acres of parks and playgrounds, varied sports and amusements, and, 
all in all, is an ideal city in which to live and earn a livelihood. 


For further particulars write 


THE TULSA CHAMBER of COMMERCE 


¥ 
| 
| 
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OIL AND GAS GEOLOGY 
of the 


COASTAL PLAIN IN ARKANSAS 


By W. C. SPOONER 
With a chapter on UPPER CRETACEOUS OSTRACODA 
By MERLE C. IsRAELSKY 


This new book is privately — and published from manuscript obtained from 
the ARKANSAS GEOLOGICAL SURVEY, GEORGE C. BRANNER, STATE 
GEOLOGIST. It is not designated as a State report, though it is the same material 
which the Survey would have — had public funds been available. It is, 
therefore, not obtainable through the usual Survey distribution. 


XXXII and 516 pp., 95 figs., 22 pls., 57 tables. 6 x 9 inches. Cloth 
PRICE, $3.80, POSTPAID 


Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 1852, TULSA, OKLAHOMA 


Tech. Rat h. c. Ing. Robert Schwarz 


PETROLEUM-VADEMECUM 


International Petroleum Tables 
Tafeln fiir die Erdélindustrie und den Mineralélhandel 


Tables pour ’Industries et le Commerce du Pétrole 


XI. EDITION 
PREIS 24 MARK = 50 Sst. Schilling = 10 Dollar 
(in 2 Banden) 
Band I: 


Chemisch-Technisch-Physikalischer Teil, Nomenklaturen, 
Bohrtechnik, Weltproduktion, Die Erdélraffinerien 


Band II: 
Produktions-Statistik, AuBenhandel und Zolltarife der einzelnen Lander 
1936 


Verlag fiir Fachliteratur 
BERLIN SW 68 WIEN XIX/, 


Wilhelmstr. 147 Vegagasse 4 
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WIRE LINE CORING roemarion 


WITH © 


DRILLING BIT WITH. 


WIRE LINE CORE BARREL 


HARD FORMATION HEAD 


REED ROLLER BIT COMP 


P.O. BOX 2119, HOUSTON. TEXAS. U.S. A 
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Reflection 
Seismic 
Surveys 


a) 


Successfully Conducted in 


MIDCONTINENT—Texas, Oklahoma, Kansas 
GULF COAST—Texas, Louisiana, Alabama 

PACIFIC COAST—California 

ROCKY MOUNTAIN—Colorado, Wyoming, Montana 
APPALACHIAN—Pennsylvania, New York 

GREAT LAKES—Michigan 

CANADA—Alberta, Saskatchewan, Quebec 
MEXICO—Tampico Area, Isthmus of Tehuantepec 


GEOPHYSICAL SERVICE 


INCORPORATED 
DALLAS, TEXAS 


£ 
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CORE BITS 


LEAD THROUGHOUT 


THE INDUSTRY 


A 


U 


TEXAS, 


HUGHES TOOL COMPANY 
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